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CONTROL OF GOVERNMENT RESEARCH IN BRITAIN 


HE Department of Scientific and Industrial 

Research Bill*, which received its third reading 
in the House of Lords on April 17, is the outcome of a 
report of a committee of inquiry into the organization 
and functioning of the Department in the light of 
recent developments in science and industry which 
he had set up last year under the chairmanship of 
Sir Harry Jephcott. Besides Sir Hugh Beaver, the 
present chairman of the Advisory Council for Scientific 
and Industrial Research, its members included Sir 
Alexander Todd, chairman of the Advisory Council 
on Scientific Policy, the Deputy Secretary to the 
Board of Trade and the Third Secretary to the 
Treasury. The interim report of this Committeef 
has been published, but the final report, con- 
taining detailed suggestions regarding the internal 
organization of the Department, is not to be 
published. 

The Committee’s investigations led it to the firm 
conclusion that the organization of an ordinary 
government department is unsuited to the research 
activities of the Department of Scientific and Indus- 
trial Research, and that, under the present organiza- 
tion, the central direction of the scientific effort at 
the various research stations, taken as a whole, is 
inevitably inadequate to secure the most effective 
use of resources in the national interest. Allocations 
of man-power and money are determined by head- 
quarters, but headquarters does not and cannot 
exercise an effective supervision over priorities in the 
programmes or even the balance between them. 
Much is started, but not enough is stopped and, as a 
result, many of the programmes have become too 
diffuse or too uneven in quality. 

The latest report of the Department (see Nature, 
April 28, p. 821) shows that the Advisory Council is 
well aware both of the importance of discontinuing 
programmes and also of dropping work which the 
Department is only able to pursue on a trivial scale 
compared with what is being done elsewhere. Neither 
the Advisory Council, in commenting on this point, 
nor the Jephcott, Committee points out, however, 
that the decision when to discontinue a programme 
is the most difficult that confronts a director of 
research. It is, in fact, difficult even for those engaged 
in the research to judge how near to success or how far 
from it a programme may be at a particular moment ; 
and from that point of view it is almost impossible 
for those not in direct contact with an investigation 
to make a sound decision whether to continue or to 
stop the work. 

The imminence or not of success is not the only 
consideration. Factors quite unrelated to the pro- 
gramme itself may make the success of the investi- 


" gation a matter of far less interest to the country 


* Department of Scientific and Industrial Research Lg (H.L.). 
Pp. ii+4. (London: H.M. Stationery Office, 1956.) 6d. n 


+ Department of Scientific and Industrial Research. nn of a 
Committee of Enquiry. Pp. 4. (Cmd. 9734.) (London: H.M. 


oe Ste itionery Office, 1956.) 4d. net. 





than when it was started, while new and more urgent 
matters demanding investigation may have arisen. It 
should not be assumed that even the director of a 
particular research station, however authoritative 
and distinguished in his own field, is necessarily aware 
of all such changing circumstances, and the Jephcott 
Committee may well have over-estimated the part of 
organization when it lays the whole responsibility 
for the present position on organization. The Com- 
mittee recognizes rightly that no one scientist, 
however distinguished, in the capacity of secretary, 
could be expected to exercise a tighter control. 
Ministerial control, it emphasizes, is rightly and 
necessarily light ; but it appears to attach too much 
importance to the fact that the Advisory Council is 
only advisory and, though it can have general 
influence, does not control the programmes. 

The Jephcott Committee believes that the better 
direction of the Department's research activities 
which is needed can only be obtained effectively by 
introducing into the chain of responsibility, as high 
as may be, a number of distinguished scientists and 
industrialists whose professional authority will be 
recognized by all concerned, and particularly by the 
directors. Accordingly, its principal recommendation 
is that, in place of the Advisory Council, there should 
be created an executive council on the model of the 
Medical Research Council and the Agricultural 
Research Council. The Committee suggests that it 
will be easier to get men of the high quality required 
to give the time and attention that will be needed if 
they have a full responsibility to the Minister for the 
Department’s activities and are not merely asked 
for advice. 

The chairman of the proposed Council would not 
have powers of his own; decisions would be decisions 
of the Council. Its members would be part-time and 
not Civil servants, though it is anticipated that at 
the start the chairman would have to give a great 
deal of his time to the task. The secretary would be 
the chief executive of the Council and responsible for 
the conduct and activities of the staff of the Depart- 
ment. The Council, it is suggested, should not be too 
large and it would act largely through committees, 
recommendations regarding which were reserved for 
the second report. These committees would examine 
the programmes of the stations with the directors, 
and the Council would approve the programmes of 
the committees, confining itself normally to general 
questions of policy and the balance of activities 
within the Department, apart from points to which 
the relevant committee directs its attention or on 
which the relevant committee and the director are 
not agreed. While, as already indicated, the Com- 
mittee does not consider a Vote-accounting depart- 
ment staffed by Civil servants to be the right organ- 
ization for a research agency, it makes no recom- 
mendation on this point, and it is equally silent on 
the quinquennial principle, in spite of its bearing on 
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the effectiveness of research as well as on the dis- 
continuance of projects. 

The Bill now before Parliament is based on the 
principal recommendation of the Jephcott Committee 
and proposes to place the Department of Scientific 
and Industrial Research under a research council, the 
members of which will be appointed by the Lord 
President of the Council after consultation with the 
President of the Royal Society. The research council 
will be required to comply with directions given by 
the Committee of the Privy Council of Scientific and 
Industrial Research. Lord Salisbury said that, 
though the appointment of the members of the 
research council and of its secretary would be in the 
hands of the Lord President of the Council, he was 


sure that the Lord President would continue in the . 


future, as in the past, to consult the Royal Society 
before making the latter appointment. He also added 
that he understood that the Royal Society was in 
agreement with the proposals in the Bill, and that 
it was the Government’s intention to retain the 
present relation between the Royal Society and the 
National Physical Laboratory, subject to discussion 
with the Royal Society of any changes of detail in 
these arrangements which may seem necessary from 
time to time. 

Neither in the interim report of the Jephcott Com- 
mittee nor in Lord Salisbury’s speech in introducing 
the Bill was any evidence advanced in support of the 
view that an executive council would be more 
effective than an advisory council in directing the 
work of the Department, or in securing the discon- 
tinuance of programmes no longer of public expedi- 
ency where the relevant director had failed to stop 
the work. Lord Salisbury, moreover, emphasized 
that there was nothing radically wrong with the 
present Department, which has done and is doing 
extremely valuable work, and he paid a warm tribute 
to the work of Sir Ben Lockspeiser as secretary and 
to those who had served as members of the Advisory 
Council and its committees, pointing out that it was 
intended that the future research council should be 
recruited from the same type of eminent leaders of 
science and industry as had served in the past on 
the Advisory Council. 

In the debate, Lord Wilmot of Selmeston, while 
agreeing that a full report of this character could not 
very well be made public, asked for more information 
about the contents of the report. He was disturbed 
that the Jephcott Committee made no _ recom- 
mendation about the organization of the Department, 
although it did not consider that a Vote-accounting 
department staffed by Civil servants would be the 
right organization for a research agency. He also 
pointed out that the Department of Scientific and 
Industrial Research is only a fragment of the Govern- 
ment’s research effort, and asked for more information 
about the whole layout of Government expenditure 
in money and staff and about the Government’s use 
of all scientific man-power. Asking how much was 


being spent by the Government on scientific research 
generally, he suggested that, before the Committee 
stage of the Bill, the Government should provide a 
comprehensive statement showing the total expendi- 
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ture on scientific research and its broad distribution, 
Without information of this character, he pointed 


out, we cannot judge whether we are making the | 


best use of our scientific man-power. 


Referring to the request for information as to | 


Government expenditure on research, Lord Salisbury | 


reminded Lord Wilmot of the annual reports of the 
Advisory Council on Scientific Policy. While, how. 





ever, the eighth report of that Council summarized | 


in an appendix Government expenditure on civil 
research and gave some details of the scientific staff 
working under the research councils, it does not meet 
a number of points on which Lord Wilmot asked for 
information. No account is taken of expenditure by 
the Atomic Energy Authority, the Ministry of Supply 
and the Admiralty ; the nationalized industries are 
likewise not covered, nor are we given any information 
as to expenditure on private research contracts, for 


example, ‘by the public departments to aircraft firms 


or about research projects in other industries financed 
by the Government under the heading of develop- 
ment and research. Nor is there any estimate as to 
the proportion of £34 million that the University 
Grants Committee distributes to the universities 
and university colleges which is expended on 
research. 

Without such information, however, it is impossible 
to judge the soundness of the criticism of the adminis- 
tration of the Department of Scientific and Industrial 
Research made by the Jephcott Committee, or the 


appropriateness of the place the Department holds in — 


the national organization for research. All that can 


be said is that no evidence is forthcoming in either ~ 


the Department’s last annual report or in the interim 
report of the Committee to substantiate those 
criticisms, or to justify the belief that an executive 
council is likely to be more effective than an advisory 


body in securing the wise expenditure of the Depart- — 


ment’s vote. 
Wilmot asked some of the right questions; but 
neither Parliament nor the world of science or tech- 
nology has yet been given the information essential 
for a sound judgment as to the validity of the 


In the House of Lords debate, Lord — 


Committee’s criticisms or the effectiveness of the © 


administrative changes proposed. 
At the Committee stage on April 17, Lord Cherwell 


expressed anxiety that the new council might not — 
give enough attention to scientific research, and | 


particularly to its support at the universities. Lord 
Salisbury affirmed that there is no intention of with- 
drawing such support or of limiting the powers of 
the Department to encourage and support scientific 
research in the universities. While agreeing to 


consider further Lord Cherwell’s points, he said that 7% 


under Sub-section (4) of Clause 1 the Department | 


would possess powers to make grants for postgraduate 7 


instruction in science and technology, which it did ~ 


not previously enjoy. At the third reading, on 4 


April 19, Lord Cherwell agreed that the amended 4 
clause made it abundantly clear that scientific 4 
research in the universities as well as industrial 4 


research will be supported. 
Little was said in the House of Lords about the 
second main purpose of the Bill, to which effect is 
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given in Clause 3. This, as Lord Salisbury explained, 
arose out of a technical point raised by the Public 
Accounts Committee, and, while it means no change 
in the present arrangements for the Parliamentary 
control of the finances of the Department of Scientific 
and Industrial Research, provides that the Depart- 
ment’s expenditure shall be met out of monies 
provided by Parliament. There is, however, no 
reference to making grants on a quinquennial system, 
and this aspect should be probed rather more fully in 
the House of Commons than was done in the House 
of Lords. It is unsound to insist on retaining close 
Parliamentary control if, in fact, that tends to lead 
to waste of resources of either finance or of man- 
wer. 

The most surprising aspect of the whole situation 
is that the Bill should have been introduced without 
any reference to the Advisory Council on Scientific 
Policy. There was no suggestion in the last annual 
report from that Council that any change in the 
administration of the Department of Scientific and 
Industrial Research was contemplated or required. 
Indeed, the reference in that report to the discon- 
tinuance of seaweed research suggests that the 
existing structure provides for the discontinuance of 
broad lines of research when appropriate, even if not 
necessarily to the full extent that is desirable. It 
may well be time for the whole structure and organ- 
ization of the Department of Scientific and Industrial 
Research to be reviewed ; but that can only usefully 
be done if the organization of the research effort in 
Britain as @ whole is also considered. Such a review 
will necessarily include the place of the Advisory 
Council on Scientific Policy and the position of the 
Lord President of the Council in the co-ordination 
and administration of the country’s research effort 
in defence as well as in civil affairs. Now that the 
matter has been raised, men of science as well as 
Parliament should insist on being given the informa- 
tion essential for sound criticism and reasoned 
judgment as to the proposals before Parliament and 
all their implications. 


EPIGENETICS 
Principles of Embryology 


By Prof. C. H. Waddington. Pp. x+510. (London: 
George Allen and Unwin, Ltd., 1956.) 45s. net. 


N his first chapter, Prof. Waddington suggests 
‘Epigenetics’ as ‘‘perhaps the most satisfactory 
expression”’ to denote the analytical study of develop- 
ment. In spite of this, he has stuck to ‘Embryology’ 
in his title, though he makes it plain that no line can 
properly be drawn between embryonic and post- 
embryonic development, between early and late 
stages of ontogeny. However, a good title provides 
& banner under which a new scientific movement can 
advance (witness ‘gene’ and ‘genetics’ in the study of 
heredity). Accordingly, I am going to have the 
courage of his convictions: I shall use ‘Epigenetics’ 
as meaning the science of developmental process in 
general, and hope that others will do the same. 
Though separate aspects of epigenetics have been 
treated in various recent books, including the huge 
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composite work, “Analysis of Development”, edited 
by Willier, Weiss and Hamburger, the ‘“‘Principles of 
Embryology” is, so far as I know, the first compre- 
hensive and unitary work on the subject since 1934, 
when de Beer and I published “The Elements of 
Experimental Embryology’’. 

Knowing by experience the immense amount of 
labour, both compilatory and critical, that is involved 
in any such enterprise, my first and agreeable duty, 
on behalf of all general biologists, is to thank Prof. 
Waddington for having undertaken the task, and to 
congratulate him on the result. 

Part 1 is entitled ‘“‘The Facts of Development’”’. 
It gives a descriptive-analytical treatment of early 
development in some selected groups of animals (with 
@ natural emphasis on vertebrates, but including 
summaries of echinoderm, chordate and _ insect 
epigenetics) and chapters on growth and regeneration. 
Throughout, the treatment is centred around the 
general concepts which are emerging from analysis on 
the epigenetic level, such as organizer action, induction, 
evocation, competence, individuation, gradient-fields, 
and canalized epigenetic pathways. 

Part 2 deals with ‘“‘The Fundamental Mechanisms 
of Development’’. Most of it is concerned with a new 
angle of approach—a general analysis of the relations 
between genetics and epigenetics, between genes and 
their effects. Waddington attacks the problem from 
both ends, on one hand working upwards to trace 
the biochemical and other effects of particular genes 
or gene-complexes, on the other digging down from 
phenotypic effects in an attempt to uncover their 
genetic basis. This leads on, via phenocopies, to the 
subject of developmental reactivity, to which (and 
to its evolutionary implications) the author has made 
so original a contribution. There is no one else now 
alive who is equipped both as a geneticist and an 
embryologist to undertake this task; in the result 
he has taken an important step forward in epigenetic 
theory, and is charting a large new area for further 
research. 

I will say no more about the work’s positive 
achievements, beyond the fact that it will clearly be 
indispensable not only for embryologists and Entwick- 
lungsmechantker, but also for all general biologists. My 
critical comments, indeed, are a tribute to its value 
in stimulating trains of thought, some of which I 
hove may be useful in suggesting improvements in the 
further editions that I am sure will be speedily 
called for. 

My most general comment is that, though Wadding- 
ton has done so much to link epigenetics with genetics, 
he has not proceeded to make the further link with 
evolution. This in my view can only be done by 
recognizing the pseudo-teleological, or as I would 
prefer to say, the telic character of all evolutionary 
processes and resultants. By telic I mean that, 
thanks to the operation of natural selection, such 
processes can only be adequately specified in terms 
of final states or ends as well as of origins or begin- 
nings, of biological utility or function as well as of 
underlying mechanism or mode of operation. Thus, 
though analysis of epigenetic process in terms of 
physico-chemical factors is essential, it will never be 
sufficient, and knowledge of origin needs to be 
supplemented by knowledge of final fate (for example, 
in the axial skeleton). Recognition of this makes 
many facts of epigenetics more comprehensible (as 
well as often indicating further lines of research)—for 
example, the evolution of dominance, the greater 
stability of wild-type as against mutant characters, 
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and (what Waddington rightly stresses) the canaliza- 
tion of developmental processes into a limited number 
of “epigenetic paths’, each showing considerable 
powers of self-regulation or homeostasis. The limits 
of such paths or patterns of process must have been 
set by rigorous selection ; for a process which led to 
an abnormal or imperfect organ or tissue, or still 
more to one intermediate between two different kinds 
of organ or tissue, would be promptly selected out of 
existence. That such telic pathways must have been 
built up by selection during evolutionary time is 
demonstrated by their frequent destruction by 
hybridization. Wide crosses in Antirrhinum lead to 
many abnormal organs, in Nicotiana to tumorous 
growths, and in some fish crosses to malignant 
melanomas. In the course of genetic recombination, 
the telic patterns have been taken to pieces. 

Such an approach would, I think, have made a 
difference to Waddington’s discussion of ‘competence’. 
For him competence is “a state of unstable equili- 
brium”’, and competent tissues are those which are 
balanced on a knife-edge between two or more altern- 
ative and distinct modes of differentiation: for 
example, early ectoderm can form either epidermis or 
neural tissue according to the evocatory stimuli which 
act on it. To begin with, it would appear that such 
tissues should be called bicompetent (or multi- 
competent) and that ‘competence’ should be general- 
ized so as to include also unicompetence or the 
capacity to proceed only along one epigenetic pathway. 
Furthermore, the metaphor of unstable equilibrium 
is unsatisfactory : bicompetence is best assimilated 
to those numerous epigenetic phenomena where a 
switch-mechanism is operative. In such cases, 
alternative causes or stimuli switch development into 
alternative pathways, each of which has been sharply 
delimited or homeeostasized (stabilized) by past 
selection. As with a railway switch, there need 
be no instability, whether on the single pathway 
before reaching the switch, or on either of the 
alternative tracks along which the process may 
continue. 

It is indeed rather surprising that Waddington has 
not paid more attention to switch-mechanisms such 
as alternative sex-determination and mimetic poly- 
morphism. In these the relation between genetics 
and epigenetics, as well as the telic need for sharply 
defined alternative pathways, is particularly evident : 
neither intersexes nor inaccurate mimics are of any 
biological utility, though both can be produced by 
genetic manipulation of the switch-mechanism. 

A chapter devoted to metamorphosis, especially in 
amphibia, would have been well worth including, 
primarily as an example of hormone-dependent 
processes in development. It could also have 
illustrated the important point that, in a develop- 
mental reaction, variations in the capacities (or 
competence) of the reacting tissues may be more 
important than those in the properties of the evocating 
agent. Thus in amphibian metamorphosis the limbs 
and tail react to thyroxin quite differently in Anura 
and in Urodela, while in Perennibranchiates no tissues 
are competent to react to thyroxin at all. In addi- 
tion, of course, the supply of thyroxin may be quan- 
titatively altered, even to abolition as in some 
Perennibranchiates, or its time-relations changed, as 
in the neotenous axolotl. The comparison of anuran 
and urodele metamorphosis illuminates the evolution 
and epigenetics of specialized larval forms, and the 
effects of temperature have a general importance for 
endocrinology. 
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A chapter on sexual bicompetence, if space had 


permitted, would also have been valuable. In 
metamorphosis, two alternative end-states succeed 
each other in time: in sexual differentiation, they 
are contemporaneous. Furthermore, in insects there 
is only a single (genetic) switch-mechanism for the 
development of sex-limited characters: in verte. 
brates, a primary genetic switch leads on towards a 
later endocrine switch-mechanism. 

In some cases the switch is operated environ. 
mentally, for example, in the sex-determination of 
Bonellia and in the differentiation of the alternative 


types of leaf (aerial and aquatic) in Ranunculus | 


aquatilis. 
A subject which would have repaid further analysis 
is reconstitution after cellular dissociation, as in 


sponges (where the morphogenetic effects of cellular | 
orientation and migration are well exemplified), — 
Another is the morphogenetic effect of mechanical | 


stress, as evidenced by the fine structure of bone and 
by Weiss’s beautiful experiments on the response of 
fibroblasts to tension. Yet another 
dedifferentiation followed by resorption, which brings 
out clearly the existence of a physiological balance 
between organ-systems: thus in unfavourable con- 


ditions the larval tissues of an Echinus larva start to | 
dedifferentiate, and are finally resorbed and utilized — 


by the Echinus rudiment, which accomplishes a 
premature metamorphosis. Resorption may also be 
initiated by radical degeneration of tissue instead of 
by a mere tilting of physiological balance. Such 
tissues exhibit a specific competence for ‘degenera- 
tion-proneness’ in response to particular evocators : 
the best-analysed case is that of the resorption of 
tadpole skin in contact with degenerating gills. The 
analysis of tail-resorption in anuran metamorphosis 


deserves further investigation, as does the fact that — 


whenever ectoderm and endoderm become apposed 
in early vertebrate development, perforation occurs 
(resulting in the formation of mouth, gill-clefts and 
anus). 

More might have been made of the three different 
types of cellular dedifferentiation. We have first 
what Waddington calls true dedifferentiation, or one 
might say dedetermination, in which cells lose their 
determination and revert to a pluripotent state, as in 
some regenerative blastemas. Then there is hypoplas- 
tie dedifferentiation, the loss of visible differentiation 
only, which accompanies rapid multiplication, as in 
tissue culture or in tumours*; and finally there is 
anabiotic dedifferentiation, or passage into a resistant 
and inactive state, as in protozoan cysts or the cold- 
resistant cells found in some deep-frozen tumour 
tissues. Perhaps more attention might have been 
given to the determination of polarity, notably to 
the rare but interesting cases in which primary 
(antero-posterior) polarity is determined environ- 
mentally, as in Fucus eggs. In general, plants might 
have been drawn on to a considerably greater extent 
for illustrative examples. 

In the valuable discussion of developmental 
gradient-fields, more stress might have been laid on 
their Gestalt character, notably the fact that their 
pattern is only deformable as a whole. Thus even 
when a large local change occurs in a growth-gradient, 


as when one sex evolves an unusually large organ ~ 


(chela, abdomen, or the like) it affects the growth- 


rate of neighbouring organs in an orderly (though as © 


* Anaplastic would be a better term, but unfortunately anaplasia 
has been pre-empted by oncologists to denote total loss of histological 


differentiation, and usually with the implication of regression to an @ 


embryonic pluripotent state. 
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} ¢fficient and successful types of metabolism than 
they themselves possess. Some use light as a source 
of energy ; others, lacking pigment, use the oxidation 
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yet quite unexplained) way : similarly in regenerating 
fatworms, depressants alter the size and form of the 
morphogenetic gradient-field as a whole. Curiously 
enough, no mention is made of the continuous 
gradients revealed by the growth of molluscan shells 
or of localized areas of excessive proliferation (as in 
rhinoceros horns), or of the change from positive to 
negative allometry, with consequent deformation of 
the whole growth-gradient, during evolution as in 
the antlers of roe-deer, or during ontogeny as in the 
limbs of ungulates, 

There is no mention of Witschi’s demonstration 
that moderate delay of fertilization in Anura deviates 
the sex-determining mechanism, while greater delay 
upsets the growth-balance and leads to tumorous 
proliferation. Indeed, the chapter on growth could 
profitably have included a section on abnormal and 
cancerous growth. 

I realize that reasons of space must have precluded 
the inclusion of many of these subjects. However, 
I hope that in any future revision the size and scope 
of the work will be enlarged to permit their inclusion. 

The discussion of embryonic induction is, as one 
would expect, both thorough and illuminating. But 
it left me wondering whether it, or at least its ter- 
minology, was not somewhat bedevilled by the history 
of the subject. Should not the term ‘organizer’ now 
be dropped ? Again, should not ‘evocation’ and 
‘competence’ be assimilated to comparable phenomena 
in other stages of developmental physiology ? Is 
there, for example, any essential difference between 
the ‘induction’ of neural tissue by the evocator of 
the blastopore lip and the ‘modulation’ of the basal 
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> layer of the epidermis into mucous epithelium by 


vitamin A, or the development of the sexual apparatus 
of the two sexes under the influence of the appropriate 
sex-hormones ? Here, as in many other places, 
epigenetics is entering new domains. For example, 
the facts concerning viruses, plasmagenes, and 
transduction (admirably though rather briefly dis- 
cussed by Waddington), together with the proof 
recently given by Medawar and his associates that 
many tissues are constantly discharging nucleo- 
protein particles into the circulation, are opening up 
wholly new vistas of genetic and epigenetic inter- 
action. 

Let me conclude by again expressing my gratitude 


— > to Prof. Waddington for this valuable and stimulating 


book, and my hope that he will in the not too distant 

future supersede it by a new and even more compre- 

hensive work on the ‘Principles of Epigenetics’. 
JULIAN HUXLEY 


PRIMEVAL MICROBES 


Biochemistry of Autotrophic Bacteria 
By Dr. Howard Lees. Pp. viii+112. (London: 
Butterworths Scientific Publications, 1955.) 21s. 


HE autotrophic bacteria may be considered as 
survivors of the first living organisms to appear 
on Earth; like the green plants they assimilate 


» carbon dioxide, but they show great variation in the 


mechanism of assimilation, which perhaps indicates 
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of a specific inorganic compound. Other species 
oxidize organic compounds for energy, but cannot 
assimilate them ; and finally there are species which 
normally are heterotrophic, but can carry out certain 
autotrophic reactions. 

The autotrophic bacteria, however, are important 
not merely as picturesque survivors, or for studies in 
comparative biochemistry. They have great practical 
importance. Without the nitrates made by auto- 
trophic nitrifying bacteria, farming would be imposs- 
ible ; and other autotrophs produce sulphur, and 
purify the air by assimilating carbon monoxide. On 
the debit side are the activities of species which cause 
stone and concrete to decay, corrode buried iron 
pipes, and produce hydrogen sulphide in standing 
water, and even sometimes in the sea. 

Dr. Howard Lees has now written a short book on 
the biochemistry of these bacteria, in which most of 
the available knowledge is collected from very 
scattered sources. It covers the field very well, and 
the varieties of metabolism are lucidly explained. 
He is more interested in the philosophical than the 
practical aspects of the subject, and writes on 
evolution with far more conviction than on ecology. 
There are some faults of style, notably a fondness 
for words like ‘overall’ and ‘subsume’. Careless 
proof-reading must account for the appearance of 
‘oxidized’ in one place where ‘reduced’ is obviously 
meant, for the curious double plural ‘flagellz’ which 
has crept in on p. 35, and for the explanation of the 
Calvin cycle in the appendix, which is a year out of 
date though the diagram is contemporary. 

JANE MEIKLEJOHN 


AUXINS AND PLANT GROWTH 


Auxins and Plant Growth 

By Prof. A. Carl Leopold. Pp. xi+354. (Berkeley 
and Los Angeles: University of California Press ; 
London : Cambridge University Press, 1955.) 37s. 6d. 
net. 


S the title indicates, this book is concerned only 
with auxins, namely, 8-indolylacetic acid and the 
many compounds (natural and synthetic) which are 
related to it chemically and which exert the same 
remarkable growth-controlling actions in green plants. 
Prof. A. C. Leopold introduces the reader to his book 
by expressing alarm at the widespread lack of know- 
ledge of the fundamentals of auxin physiology among 
research workers concerned with the uses of these 
compounds in agriculture, and the book is intended 
to alleviate this unfortunate state of affairs. Prof. 
Leopold has attacked the problem with vigour and 
has succeeded in laying before the reader the auxin 
situation in all its puzzling complexity. 

The book falls naturally into two parts. The first 
half (eight chapters) deals with the fundamentals of 
the action of auxins and includes their chemical 
nature, occurrence, metabolism and_ biochemical 
mechanisms, the whole being preceded by a clear, if 
somewhat limited, historical introduction. A chapter 
on extraction and measurement techniques should 
form a useful basis for practical exercises by the 
student. Two chapters are devoted to physiological, 


anatomical and developmental effects, and a balanced, 
though restricted, picture emerges of the many parts 
natural auxin may play in plants. The second half 
(ten chapters) is concerned with auxins in agriculture 
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and deals in a logical and comprehensive way with 
the many uses to which these remarkable compounds 
have been put. As one would expect from the title, 
no attention is given to the host of ‘growth-regula- 
tors’ not related to auxins, except the few (for 
example, maleic hydrazide, ethylene, etc.) that are 
suspected of interfering with natural auxin action. 
The main aspects dealt with in detail are rooting, 
flower and fruit production, dormancy and storage, 
and weed-killers. A miscellany of ‘incidental’ uses is 
also included. Much fundamental physiology has, 
of necessity, been introduced into these chapters on 
practical applications, and this has led to repetitions 
and overlaps with sections in the first half. It is a 
pity that, in a book intending to bring practice into 
closer contact with theory, such a divorce should 
have been thought necessary. 

The book is illustrated with a great profusion of 
simple ‘graphs re-drawn from original research 
articles. The majority are well and aptly chosen and 
serve, as indeed should all scientific illustrations, to 
clarify the text and avoid much tedious description. 
Here and there, however, the author’s enthusiasm 
gets a little out of hand, and figures of such simplicity 
appear that it is difficult to see what purpose they 
serve. Fig. 68, in which three graphs are drawn 
through six ‘arbitrary’ points, is perhaps the worst 
example. I find the literary style occasionally a 
little disconcerting ; for example, the obscurity of 
the sentence: “Enzymology readily recognizes the 
inhibition of reactions by compounds of slightly 
different properties from those of true substrates” 
(p. 165). 

The book ends with a guess at the future and a 
warning of the dangers of promoting technology at 
the expense of fundamental research. The warning 
is indeed timely, and it is to be hoped, therefore, 
that Prof. Leopold’s book will be widely read. The 
format and binding are excellent. There is an exten- 
sive bibliography of some eight hundred references, 
the majority of which are from American journals. 

L. J. Aupus 


PREPARING ENZYMES 


Methods in Enzymology 

Edited by Sidney P. Colowick and Nathan O. Kaplan. 
Vol. 1: Preparation and Assay of Enzymes. Pp. 
xxv +835. (New York: Academic Press, Ine. ; 
London: Academic Books, Ltd., 1955.) 18 dollars. 


HOSE actively engaged in the field of enzymology 

have long felt the need for an authoritative 
text-book dealing with the isolation and assay of 
enzymes. The theory and kinetics of enzyme action 
have been the subject of many recent books and 
symposia, but a work which gives adequate practical 
details for the preparation of many common enzymes 
has not been forthcoming. Such a series is being 
prepared under the editorship of Drs. 8. P. Colowick 
and N. O. Kaplan, of Johns Hopkins University, and 
this is the first of four volumes. 

In their preface to the series, the editors state 
that this series should serve as a companion piece 
for Sumner and Myrbick’s classical work, ‘“The 
Enzymes’’, and the present volume gives every indi- 
cation of this claim being justified. There are more 
than a hundred and twenty articles contributed by 
nearly the same number of recognized experts in the 
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enzyme field. The volume is divided into four sec. 
tions, the first dealing with general preparative 
procedures. This is eminently readable without 
being too theoretical in its approach, and should serve 
as'a useful technical basis for the investigation of new 
enzyme systems. The articles dealing with the 
variety and applicability of methods of purification 
are, on the whole, well written and serve to illustrate 


the advances that have been made in _ technique 
during recent years. 
The last three sections are concerned with the 


specific enzymes of carbohydrate metabolism, lipid 
metabolism and the citric acid cycle. A method for 
the isolation and assay of each enzyme is given in 
detail, together with information, where available, 
concerning optimum conditions, specificity, activa. 
tors, inhibitors and other data of particular use to 
the growing number of those who wish to use enzymes 
as tools in their investigations. The section on 
carbohydrate-metabolizing enzymes is reasonably 
well covered, the emphasis, however, being rather on 
the side of those occurring in animals and micro. 
organisms. In particular, although plant phos. 
phorylases and amylases are treated at length, other 
equally well-characterized enzymes concerned in the 
synthesis and breakdown of starch in higher plants 
are neglected. Thus some mention was to 
expected of the plant branching-enzyme, Q-enzyme, 
which has been obtained in crystalline form. 


Is 


be 


coverage, and the section dealing with enzymes of the 
citric acid cycle is both adequate and up to date. 


Compared with these two sections, the section on / 


carbohydrate metabolism is rather large and unwieldy 
and might conveniently have been subdivided. 
There is an occasional reference to trade products 
and equipment by name without further definition 
and with little reference to working details. In 
certain cases this has an adverse effect on intelligibility 
for the non-American reader. Nevertheless, this 


volume is well worth having in any laboratory where | 
The system of cross- |” 
includes | 
references up to 1953, are adequate and help to ease | 


enzymes are studied or used. 
references and the bibliography, which 


the burden of searching through the literature. 
J. R. Turvey 


DAIRY SCIENCE AND PRACTICE 
A Dictionary of Dairying 


By Dr. J. G. Davis. Second edition, revised and 
enlarged. Pp. xxvili+1132+132 plates. (London: 
Leonard Hill, Ltd., 1955.) 65s. net. 


HE author of this most useful reference book, a 


well-known dairying consultant, has evident) 


been in somewhat of a quandary to find an appropriate © 


title. “Dictionary” is a trifle misleading. Though — 
“Encyclopedia” would probably have been too 


grandiloquent, the approach of the author is that o/ 
an encyclopedist rather than that of a lexicographer. 
He seems, too, to have been a little diffident in defining 
what is meant by ‘dairying’, a word with different 


connotations for different authorities dealing with the} 


underlying science and its practical application. Th 
precise definition which I had hoped to find is, i 


fact, not given in the text; on the other hand, iif 


dairying does need an up-to-date definition, then thi 
ground covered by this volume can reasonably be 
regarded as providing a sufficient one. 
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it is clear that the author is firmly of the opinion 
that dairy science and dairying cannot be interrupted 
by the accident of the farm gate—their scope, in fact, 
covers everything that happens from (and including) 
the farm production of milk, through its various types 
of processing for consumption as liquid milk or its 
manufacture into dairy products, up to its consump- 
tion in one form or another. This is a view with which 
most of those concerned with dairy science or practice 
would agree, not least because so many of the problems 
of milk processing and manufacture are bound up 
with the efficiency or lack of efficiency of dairy farm 
management and milking technique. 

The scientific disciplines and the technological 
skills—agricultural, physiological and _ veterinary, 
bacteriological and biochemical, engineering and 
physical—needed to-day to deal with the problems 
and practice of dairying on both sides of the farm gate 
cover tremendously wide fields, as is so clearly 
evident from even a cursory glance at this 1,100-page 
volume. Nor does the author omit substantial 
reference to the fact—which is perhaps likely to be 
forgotten in peace-time—that milk and milk products 


are still the most valuable, from the point of view of 


human nutrition, of all our common foodstuffs. 


In compiling this work, the author, though himself 


responsible for large, well-informed and well-written 
sections of it, has received the contributions of a 
number of specialists in particular fields. To name 
two such contributions only, there is an excellent 
epitome of modern knowledge of milk secretion by 
A. T. Cowie, and a chapter on legal aspects by A. L. 
Barton and P. O'Neill which is a model of concise 
and accurate statement of milk legislation in Britain. 
3ut in these two contributions, as in so many others 
dealing with the changing aspects of dairying, period- 
ical revision is essential, and it is to be hoped that the 
author will find time to shoulder this heavy task at, 
say, five-year intervals. 

‘lo be without ready access to this excellent com- 
pilation is a mistake which few in any consultative, 
scientific, technological or managerial position in the 
dairy industry, and which no student of dairy science 
or practice, can afford to make. H. D. Kay 


RECENT ADVANCES IN STEREO- 
CHEMISTRY 


Progress in Stereochemistry 

Edited by Dr. W. Klyne. Vol. 1. (Progress Series.) 
Pp. x+378. (London: Butterworths Scientific 
Publications ; New York: Academic Press, Inc., 
1954.) 50s. net. 


IFTY or sixty years ago the study of stereo- 
chemistry was almost entirely limited to attempts 
to discover the orientation of various groups of 
valency bonds around different atoms by methods 
analogous to those that had been used for showing 
that the four valencies of the carbon atoms are 
directed to the corners of a tetrahedron. However, 
even at that time, the subject was expanding, as is 
shown, for example, by Werner’s interest in the 
changes in configuration that occurred at a cobalt 
atom when certain substitutions of one group by 
another took place. 
Since that time stereochemistry has become 
important in all branches of chemistry. This is well 
illustrated by the most interesting book that is under 
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review here, for contained in it are sections con- 
cerned with reaction kinetics, spectroscopic properties, 
the configuration of proteins, enzyme processes, as 
well as sections which derive more directly from the 
studies and ideas of Van t’ Hoff and Werner. 

The book is one in which a number of authors have 
contributed chapters each dealing with that part in 
which he is specially expert. As a consequence, the 
book is a collection of quite separate articles. The 
first of these, by A. D. Walsh, is concerned with the 
shapes of simple molecules and contains, besides a 
valuable discussion, an extremely useful and com- 
plete tabulation of data on bond angles. These are 
now known with increasing precision since micro- 
wave spectroscopy has been added to the methods 
used in their determination. The second chapter, by 
W. Klyne, who has also edited the book, deals with 
the conformation of six-membered ring systems and 
provides a most readable and interesting account of 
this subject. The long list of references at the end of 
this chapter shows the great interest that exists in it 
at the present time. The effect of stereochemical 
factors in chemical reactions is the subject of the 
next chapter, which is by P. B. D. de la Mare, a 
member of the group at University College, London, 
which has contributed so much to this part of the 
subject. R. 8. Nyholm also deals with the stereo- 
chemistry of substitution reactions at complex ions 
in his chapter on complex compounds. Some relation- 
ships between stereochemistry and spectroscopy are 
examined in Chapter 4. Most of this chapter deals 
with absorption in the visible and ultra-violet, but 
there is a considerable section on vibrational infra- 
red spectra. There are three chapters concerned to a 
large extent with matters of biochemical interest. 
One deals with the configurations of large molecules 
and, in particular, of proteins, and another with the 
fascinating subject of the stereo-specificity of enzymes. 
There is also a chapter on the stereochemistry of the 
hydrogen bond. 

The articles included in this book reach in general 
a@ very high standard. They will be interesting and 
useful to the specialist and also to the more general 
reader. The tables and graphs are well done and the 
lists of references at the end of each section are 
extensive and up to date. They add greatly to the 
value of this publication, which sbould be most 
enjoyable and stimulating to chemists at all stages 
of training and achievement. J. W. Linnetr 


NEUROCHEMISTRY 


Neurochemistry 

The Chemical Dynamics of Brain and Nerve. 
Edited by K. A. C. Elliott, Irvine H. Page and J. H. 
Quastel. Pp. xii+900. (Springfield, Ill.: Charles C. 
Thomas ; Oxford: Blackwell Scientific Publications, 
1955.) 140s. 


UTHORITATIVE and comprehensive accounts 
of the chemistry of the nervous system are few 
and far between. Apart from the original classical 
work by Thudichum in 1884, the only recent extensive 
publications have been the books by Page which 
appeared in 1937 and by McIlwain which appeared 
in 1955. Consequently the volume under review, 
compiled by thirty-two authorities on the subject, is 
indeed welcome. 
It begins with an introductory chapter appro- 
priately devoted to Thudichum, the father of the 
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subject. It is unfortunate that in this fairly extensive 
account of Thudichum’s life, much of it spent as a 
practising physician, no mention is made of the fact 
that in 1865 he was appointed lecturer in pathological 
chemistry at St. Thomas’s Hospital, although it is 
noted that seven years previously he had been 
appointed lecturer in chemistry at Grosvenor Place 
School of Medicine. 

The book covers all aspects of the biochemistry of 
the nervous system. It includes sections on the 
chemical constituents of nervous tissue, the mech- 
anism of respiration, glycolysis and oxidation, nerve 
function, acetyl choline, intracranial fluids, electro- 
lytes, neurotropic drugs, neurotoxins and snake 
venoms, the toxic effect of oxygen, aspects of 
narcosis, convulsive conditions, nutritional disorders, 
the nervous system in arthropods, and concludes 
with a chapter on the thermodynamics of the 
message. It will be clear, therefore, that although 
much of the material is fundamentally biochemical 
in nature, it also covers a much wider field, and 
the contributors range from neurologists to mathe- 
maticians. 

Three main criticisms may be levelled at this book. 
The first and least important is that inevitably much 
of the material described in the chapters dealing 
with metabolism, glycolysis, respiration and oxida- 
tion, comes under the heading of general biochemistry 
and is to be found in any text-book of biochemistry, 
since the fundamental steps in these processes are 
not peculiar to the nervous system. 

The second criticism is that the book suffers 
severely from those defects which are inevitable in any 
work of multiple authorship. It is, in fact, a series of 
isolated essays dealing with different aspects of the 
metabolism of the central nervous system but without 
much thread of continuity to connect them. This 
lack of continuity is more serious than is the fact 
that the various authors frequently and not un- 
expectedly express contradictory points of view. 
This is inevitable in any work dealing with debatable 
material discussed by each expert from his own 
particular anglo. It is even stimulating to see the 
clash of personalities. For example, Nachmansohn in 
his chapter on “Metabolism and Function in the 
Nerve Cell’? holds to the view that the role of acetyl 
choline in conduction is essential, whereas this view 
is strongly contested both by Gerard and by Burgen 
and MacIntosh. 

A third and much more serious criticism is that 
much of the book is already out of date. The editors 
explain in the preface that most of the manuscripts 
were in their hands in 1951 and that some of them 
have been revised since then. Even so, some advances 
made in the past two or three years have been 
omitted. For example, Hyden’s important chapter 
on “Nucleic Acids and Proteins” is up to date as far 
as 1950 and contains only a few references to work 
done between 1950 and 1953. Similarly, in Burgen 
and MacIntosh’s masterly chapter, one of the best in 
the book, on the “Physiological Significance of 
Acetyl Choline”, the section on p. 327 dealing with 
coenzyme A is seriously out of date, although an 
attempt has been made to modernize it in a footnote 
on p. 329 which mentions Lipmann’s paper in the 
Federation Proceedings of 1953. 

But, in spite of these criticisms, the book contains 
a wealth of valuable material which will not easily 
be found elsewhere, and it will undoubtedly remain 
for some time to come an authoritative work in this 
particular field. J. N. Davipson 
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NEUTRON CROSS-SECTIONS 


Neutron Cross Sections 
Prepared by the United States Atomic Energy Com. 


mission. (Selected Reference Material on Atomic 
Energy.) Pp. viii+328. (London: McGraw-H i]! 
Publishing Company, Ltd., 1955.) 90s. 


HE probability that a neutron interacts with t)» 

matter through which it is passing interests 4 
surprisingly large number of people. There is tlic 
‘pure’ interest of the nuclear and solid state physicist , 
and the ‘applied’ interest of reactor physicist. 
metallurgists and engineers. Alongside this there js 
the indirect interest of all those using radioisotopes 
and neutron irradiations for research in medical, 
biological and other fields. 

This interest arises, of course, because of the 
utility of neutron interactions both as a research too! 
and in the production of power. 

The probability of interacting with an atom in a 
given state is called the total cross-section for that 
atom, and its value will depend upon the energy of 
the neutron involved. Very often several types of 
interaction are possible, and then an attempt is made 
to divide up the total probability into partial cross. 
sections for each interaction. Since the development 
of the nuclear reactor and of powerful neutron sources 
associated with particle accelerators, a vast number 
of neutron cross-sections have been measured. 

The task of compiling these cross-sections, from the 
small compilations already published and the original 
data, was undertaken several years ago by a com- 
pilation group of the U.S. Atomic Energy Commission 
at the Brookhaven National Laboratory. This com- 
pilation, AHCU-2040, has been an invaluable hand- 
book for everybody concerned with neutrons. Now 
it has been brought up to date and published as part 
of the selected reference material issued by the U.S. 
Atomic Energy Commission at the Geneva Con- 
ference on the Peaceful Uses of Atomic Energy. 

The editors, Drs. D. J. Hughes and J. A. Harvey, 
are to be congratulated on the production of such a 
worthy handbook. It includes tables of thermal 
neutron cross-sections (absorption, activation, scat- 
tering and fission) and of resonance parameters, as 
well as graphs of the cross-sections between 10-4 eV. 
and 100 MeV. and the angular distributions of 
scattered neutrons. It will be appreciated that with 
such a mass of material available some kind of 
explanatory background book is required to be used in 
conjunction with the compilation. I understand that 
such a book is in course of preparation. For those not 
familiar with the interaction giving rise to the re- 
ported cross-section, such an adjunct is indispensable. 
In addition, some background information is often 
useful for the specialist ; for example, the methods 
used in the compilation for choosing a ‘best value’. 

The cross-sections as a function of energy are shown 
on large graphs each covering a factor of 10¢ in 
energy. But in some cases difficulties of graphical! 
presentation arise due to the complicated nature of 
the experimental data. Many of these difficulties are 
overcome by including with one of the large graphs 
an inset showing an expanded graph of the complex 
region. However, there are a few cases where the 
present uniform layout might be dropped altogether 
in favour of a more detailed presentation. This might 
include a table of values of cross-sections as a function 
of neutron energy. Due to the steady improvement 
of experimental techniques, the number of such cases 
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is likely to increase rapidly, making the task of the 
compiler even more difficult than it is at present. 

An additional piece of information, which might 
well be included in the tables and graphs, is the 
method of measurement used. Since many methods 
are used quite widely, a simple coding system should 
be possible. 

It was @ disappointment to find that the supple- 
ment to the compilation, which was made available 
to members of the Geneva Conference, was not 
attached to the present publication. This supplement 
included data taken from alli sources on the cross- 
sections of the fissile isotopes, whereas the main 
compilation covers American sources only. Con- 
sequently, the supplement is invaluable to those 
interested in atomic energy. (The book, including the 
supplement, is also available in paper covers from the 
Government Printing Office, Washington, D.C., price 
3.50 dollars.) 

In conclusion, this well-presented compilation is as 
essential as its predecessors to everyone working with 
neutrons, and we all look forward to many future 
editions coming from the same source. 

P. A. EGELSTAFF 


THEORETICAL STATISTICS 


Introduction to Mathematical Statistics 

By Prof. Paul G. Hoel. Second edition. (Wiley 
Publications in Statistics.) Pp. xi+331. (New York : 
John Wiley and Sons, Inc. ; London: Chapman and 
Hall, Ltd., 1954.) 40s. net. 


HIS is one of the best text-books on theoretical 

statistics at the undergraduate-level. The first 
edition was good, but this second edition has been 
revised, extended and greatly improved. It is very 
suitable for first-year students with a knowledge of 
elementary calculus and some general acquaintance 
with the scope of statistical method. There are 
numerous exercises, the answers to which can be 
obtained separately. 

Prof. Hoel breaks away from the traditional course 
of development. An initial chapter on probability 
introduces the idea of a sample space on p. 4, before 
frequency distributions or their summarizing measures 
have been discussed. Models, testing hypotheses and 
estimation are dealt with in the following chapter. 
This sounds like putting the cart before the horse 
and, logically, perhaps it does so; but from the 
teacher’s point of view there is much to be said for it. 

The book then swings back more or less on course 
and deals with frequency distributions, sampling 
theory, correlation and regression, goodness of fit, 
the general principles of testing hypotheses, small 
saniple distributions, design of experiments and non- 
parametric methods. The treatment throughout is 
fresh and clear. Prof. Hoel has succeeded in teaching 
the essential ideas without much mathematical com- 
plication and, at the same time, in providing enough 
exercises to enable the student to feel that he has 
mastered the details of the technique. 

A. few suggestions for further editions : would the 
author not consider ‘theoretical statistics’ a better 
expression than ‘mathematical statistics’, and ‘dis- 
tribution-free methods’ better than ‘non-parametric 
methods’ ? Moreover, could he not say something 
about the manipulative algebra of expectations and 
about generating functions, two subjects which, in 
my experience, give the greatest trouble to beginners ? 

M. G. KENDALL 
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THEODORE ROOSEVELT AS 
NATURALIST 


Theodore Roosevelt’s America 

Selections from the Writings of the Oyster Bay 
Naturalist. Edited by Farida A. Wiley. (American 
Naturalists Series.) Pp. xxiii+418. (New York: 
The Devin-Adair Company, 1955.) 5.75 dollars. 


rT“HIS book is one of @ series devoted to com- 

memorating such famous American naturalists 
as were citizens of the United States, by publishing 
selections from their writings. Theodore Roosevelt 
was a most versatile as well as a most remarkable 
man, and an intense love of wild Nature was one of 
his greatest and most lasting interests. His know- 
ledge of natural history was wide, and though he 
studied natural sciences, including zoology, for four 
years at Harvard, his defective eyesight compelled 
him to abandon the idea of making science his life- 
work. He entered politics instead, but after three 
years went on a hunting trip into the Bad Lands of 
the Dakotas to recuperate his health. He was so 
fascinated with the region, and with the life of the 
cattlemen, that he bought two ranches where he lived 
for the next two years as astockman. Thereafter he 
returned to politics; but his experiences in North 
Dakota had left a deep impression on him and, 
indeed, formed a vivid background to the rest of his 
life. 

Most of this book consists of Roosevelt’s own 
writings about the Bad Lands, and the last two chap- 
ters deal with his expedition through tropical Brazil. 
The introductory matter by: several hands entitled 
‘Roosevelt as a Naturalist’? on the whole does little 
service to his memory ; but the subsequent chapters 
from the pen of the great man himself are very 
different, and at once arouse the reader’s interest. 
There is probably no better account of life on a cattle 
ranch in the 1880’s than Roosevelt’s—he writes with 
sympathy, knowledge and understanding. His style 
is simple and direct, and gives a most vivid picture 
of the country with its human and other wild inhabi- 
tants. His accounts of the game animals, the birds, 
and the smaller creatures are first class, and his yarns 
about his cowboys and about his adventures with 
‘bad men’ and other desperadoes are thrilling. It was 
a hard strenuous life, and he lived and enjoyed it to 
the full. 

It was in later life that Roosevelt undertook his 
South American expedition, which turned out to be 
a laborious and at times a hazardous journey; he 
was perforce more of a passenger than he would have 
wished to have been. His account of it is interesting, 
but it has not the vitality of the chapters on the old 
days in Dakota when he was in full health and vigour. 

A chapter criticizing the Thayers’ book on revealing 
and concealing coloration in the animal kingdom, 
originally published many years ago, is of little 
present interest—the Thayers’ principle of counter- 
shading is generally agreed, and all their fantastic 
nonsense has long ago been forgotten. A short 
chapter “In Defence of our Natural Heritage” 
reminds the reader that Roosevelt was one of the 
great pioneers of conservation, which has made so 
much progress all over the world since his day. 

The book is decorated with most attractive sil- 
houette designs by Ugo Mochi; but it is marred by 
numerous misprints that ought to have been elimin- 
ated by competent proof-reading. 

L. Harrison MATTHEWS 
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Astronomical Photoelectric Photometry 

Edited by Frank Bradshaw Wood. (A Symposium 
presented on December 31, 1951, at the Philadelphia 
meeting of the American Association for the Advance- 
ment of Science.) Pp. vii+141. (Washington, D.C. : 
American Association for the Advancement of Science; 
London: Bailey Bros. and Swinfen, Ltd., 1953.) 33s. 


N his preface to this publication, consisting of 

eight papers submitted at a symposium presented 
on December 31, 1951, at the Philadelphia meeting 
of the American Association for the Advancement of 
Science, the editor states that it is the intention of 
the volume to provide a summary of use to those 
actively at work in this field and yet provide guidance 
to astronomers embarking for the first time on a 
programme of photoelectric observations. 

The first paper, on the topic of direct-current 
techniques, contains a valuable bibliography, the 
references including most of the important papers 
from the days of pre-multiplier photometry up to 
recent years. 

The second paper, dealing with alternating-current 
techniques and sources of error in photoelectric 
stellar photometry, suffers in its first few pages from 
a lack of lucidity. The portions dealing with sources 
of error are the more interesting features of this 
communication. 

Pulse-counting techniques are represented by two 
papers, one containing a detailed description of the 
photometer at the Cook observatory and the other 
the recent developments in Great Britain carried out 
at Cambridge by Redman and Yates. 

A recent photoelectric installation at the Observa- 
toire de Haute Provence is described in two papers 
by Lallemand and Lenouvel. 

A photometer constructed by Walraven combines 
the advantage of the null method with the excellent 
properties of the phototube, the arrangement in effect 
constituting a servomechanism. 

The final paper in this attractively produced little 
book is by Whitford and concerns a consideration of 
ultimate limits and a critical summary. 

A. H. JaRrettr 


Organic Peroxides 

Their Chemistry, Decomposition, and Role in Poly- 
merization. By Arthur V. Tobolsky and Robert B. 
Mesrobian. Pp. x+198. (New York: Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1954.) 5.74 dollars. 


HIS excellent little book provides a general 
account of the chemistry of organic peroxides 
with special reference to their role in initiating 
polymerization reactions. 
The first of the three sections of the volume gives 
a@ systematic and well-documented outline of the 
chemistry of the various classes of organic peroxides 
and hydroperoxides. In the second section the 
manner of decomposition of peroxides under various 
conditions is discussed. The formation of free 
radicals and the diagnostic tests which may be used 
to detect their formation are given special considera- 
tion. Other modes of decomposition such as the 
Haber--Weiss process and heterolytic cleavages are 
also included. In the final section the kinetics of 


polymerization of substances of the vinyl type, such 
as styrene and methyl methacrylate, are described, 
and the methods used for determining the character- 
istics of the process are discussed, including the rates 
of initiation of polymerization and the related 
catalytic efficiencies of various peroxides. 
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The physical properties and the explosive natwre 
of known organic peroxides are presented in tabular 
form as appendixes. Literature references extend to 
1953 inclusive, and there are complete subject and 
author indexes. 

This volume will provide a useful introduction i. 
the subject which should be of real value to senior 
students or research workers. G. M. BENNET? 


A Textbook of Sound 
Being an Account of the Physics of Vibrations with 
special reference to Recent Theoretical and Technica! 
Developments. By Dr. A. B. Wood. Third (revised) 
edition. Pp. xvi+610. (London: G. Bell and Sons, 
Ltd., 1955.) 42s. net. 


O treat in one text-book both classical an 

modern acoustics has now become impossib! 
Beranek needs more than nine hundred pages 1» 
deal with acoustical measurements alone. Electro- 
acoustics, communication theory, ultrasonics, speech, 
physiological acoustics, architectural acoustics and 
musical acoustics each need separate volumes. Dr. 
A. B. Wood resolves the difficulty by continuing to 
present a standard treatment of classical acoustics. 
New diagrams, new references and fifty more pages 
of letterpress are added to the second edition. 

The point of view is still that of classical acoustics, 
with its emphasis on those features of vibrating 
systems which can be treated by simple mathe- 
matical or experimental techniques, that is, on the 
steady state. Yet, as soon as speech, music or noise 
reaches a steady state, it ceases to be speech, music 
or noise. 

Phenomena contrary to the ideas of classical 
acoustics are apt to be treated with caution. For 
example, in 1924 Harvey Fletcher, using electric 
filters, showed that if several of the lowest com- 
ponents of a complex sound were removed, the pitch 
of the sound was unchanged. Referring to this effect 
in this 1955 edition, Dr. Wood still writes, “He 
{Harvey Fletcher] claims to have proved that onl) 
the quality and not the pitch... is changed”. 
The student would be helped by the addition of a 
short annotated bibliography of the many excellent 
books on acoustics published during the past ten 
years and also by notes on such journals as Acoustica 
and the Journal of the Acoustical Society of America, 
especially as the latter journal publishes in each 
number a very comprehensive list of references to con- 
temporary papers on acoustics. W. H. GEorGE 


Call of the River 
By Mabel E. Byrt. Pp. 127+8 plates. 
Country Life, Ltd., 1955.) 8s. 6d. net. 
HE “Call of the River” is a story of wild life. 
of otters in particular, on waterway and sea- 
shore. The tale is well told, the adventures of the 
otters making good reading in the tradition of that 
great master of Nature fiction, Ernest Thompson 
Seton, though unfortunately the standard of accuracy 
is not quite so high as that of the Canadian writer. 
Here and there the author slips—for example, the 
dramatic fight of the otter with the giant conger eel. 
This is staged in the river, regardless of the conger 
eel being a marine fish not in the habit of entering 
fresh water. Yet by and large the book gives a vivi« 
picture of wild life on our English rivers and in 
particular of that remarkable mammal, the otter. 
The illustrations are from photographs, and the 
excellent coloured jacket is from a painting by 
Michael Lyne. ee a 
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PERKIN AND THE DYESTUFFS INDUSTRY IN BRITAIN 


By R. BRIGHTMAN 


Recently Division Bibliographer, sometime Chief Librarian of the Dyestuffs Division, 
Imperial Chemical Industries, Ltd. 


HE centenary of the discovery of mauve may 

be celebrated variously from the Easter vacation 
of 1856 when W. H. Perkin, at the age of eighteen, 
accidentally made the discovery while working in the 
rough laboratory he had fitted up in his home at “‘King 
David’s Fort’’, King David’s Lane, Shadwell ; from 
the date of the reply he received, on June 12, 1856, 
from the firm of Pullar, of Perth, to whom he sent 
specimens of his dyed silk, reporting the discovery as 
“decidedly one of the most valuable that has come 
out for a very long time” (provided it did not make 
the goods too expensive) ; or from August 26 of the 
same year, the date of the first patent application 
for a synthetic dyestuff. Any of these dates will 
serve, though the last comes nearest to giving the 
true measure of Perkin’s achievement. None of 
them, however, fully represents Perkin’s claim to 
remembrance as the founder of the synthetic dye- 
stuffs industry, and the Perkin centenary which 
really deserves commemoration is not his fortuitous 
discovery of the dyestuff but the opening of the 
works which, in June 1857, he began to build for its 
manufacture at Greenford Green, near Sudbury. Six 
months later mauve, or aniline purple, was in use at 
Bethnal Green in the silk dyehouse of Thomas Keith 
and Sons, which was the first firm to use it on an 
industrial scale. 

The story of this achievement has often been told, 
not always, however, with full justice to the magni- 
tude of the achievement of a young chemist who had 
not even seen the inside of a chemical works and 
whose knowledge was derived entirely from books. 
Moreover, at that time very limited supplies of 
benzene were available, as there was little use for it, 
nor was the fuming nitric acid thought to be essential 
in making nitrobenzene obtainable commercially, and 
only in 1854 had Béchamp found that on a laboratory 
scale nitrobenzene could be reduced to aniline by 
means of finely divided iron and acetic acid. With- 
out this discovery, as Perkin himself said in his 
Hofmann Memorial Lecture’, the coal-tar colour 
industry could not have been started. The successful 
manufacture of aniline from nitrobenzene appeared 
to be so formidable a task that attention was first 
directed to the possibility of extracting by acid 
washing the minute quantity of aniline contained in 
coal-tar, and only after many experiments was this 
source abandoned as too expensive and yielding too 
impure a product. Such difficulties might well have 
deterred a far more experienced man than Perkin, 
whose venture, moreover, was undertaken in the face 
of strong discouragement from Hofmann, in whose 
laboratory at the Royal College of Chemistry Perkin 
had been working, and whose comment on the 
desirability of synthesizing quinine (made in the 
Reports of the Royal College of Chemistry for 1849) 
probably prompted Perkin’s experiment, as indeed 
he admitted in his Hofmann Memorial Lecture. 
Perkin tells how, in October 1856, following visits to 
Pullar at Perth and experiments on cotton dyeing 
and on calico printing, which in the absence of suit- 





able mordants were less encouraging than he had 
hoped, he sought an interview with Hofmann and 
told him of the discovery, showing him also the dyed 
patterns and announcing his intention of leaving the 
Royal College of Chemistry to undertake its manu- 
facture. Hofmann appeared to be much disturbed 
and spoke as if Perkin was taking a false step which 
might ruin his future prospects. 

None the less, young Perkin had faith in his 
results ; but there has “een little inquiry into the 
reasons which in 1856 made Perkin so confident of 
the importance of his discovery and so resolute to 
embark on its manufacture in the face of powerful 
discouragement and formidable technical difficulties. 
Dr. C. J. T. Cronshaw truly remarked in his Jubilee 
Memorial Lecture to the Society of Chemical Industry : 
“If a Faery Godmother had given Perkin the chance 
of choosing the precise moment for his discovery, he 
could not have selected a more appropriate or aus- 
picious time’’*. It is hard to believe that a youth of 
eighteen could fully apprehend the opportunities 
which the expanding textile industries alone offered 
to the new colouring matters that were to come out 
of coal tar in the next two decades, but justice 
cannot be done to his achievement unless we look a 
little more closely not merely at the way in which 
the discovery was made and brought to technical 
fruition by Perkin himself, but also at the scientific 
and technical and commercial background of the 
time. 

At the time Perkin made his discovery, he was a 
research assistant to Hofmann in Hofmann’s labor- 
atory at the Royal College of Chemistry, to which 
Perkin had been promoted in 1854 and where he had 
completed his first investigation, on anthracene, at 
the age of seventeen. We may note, in passing, that 
the crude material for this research was obtained 
from the tar works of that Bethell whose discovery 
in 1838 of the value of tar for creosoting timber, 
coupled with the railway boom, had opened up one 
of the first considerable markets for coal tar and 
taken us a step towards the beginning of organic 
chemical industry. Perkin’s object on this occasion 
was to prepare an amino-compound through the 
nitro-compound, and although he failed to obtain the 
latter, he prepared what were later recognized to 
be anthraquinone and chloro- and bromo-anthra- 
quinones, and gained experience of great value when 
later he began work on the production of anthracene. 

It is worth while looking a little further at the 
Royal College of Chemistry, which Perkin entered in 
October 1853, on leaving the City of London School 
at the age of fifteen, for part of Perkin’s fortune 
consisted in the availability of such an institution 
for teaching and research in chemistry. True, as 
Perkin tells us, at the age of twelve or thirteen he 
had been greatly attracted to chemistry, with its 
possibilities of making new discoveries, by some 
chemical experiments shown him by a friend, par- 
ticularly by the power of crystallization in definite 
forms possessed by some compounds. He determined, 
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if possible, to become a chemist, and immediately 
commenced to accumulate bottles of chemicals and 
to make experiments. 

Perkin’s father was disappointed at William’s 
choice of a career, as the outlook for chemistry was 
very poor in those days, but eventually he was 
allowed to follow his bent and to enter the College 
founded only eight years earlier. There was at this 
time, it is true, seldom any desire among students to 
become chemists, but it is not solely because of 
Perkin that Mr. W. A. Silvester® described the Royal 
College of Chemistry as the seed plot of the dyestuffs 
industry; and the circumstances in which the 
College was founded little more than ten years before 
Perkin made his discovery deserve attention. It 
could not well have been created at that time without 
the support of some strong popular feeling. 

In this second quarter of the nineteenth century, 
organic chemistry was still little known or studied in 
Great Britain; as Liebig said at the Liverpool 
meeting of the British Association in 1837, it was 
only beginning to take root. Moreover, here and 
elsewhere the idea that chemistry should be taught 
and learnt in the laboratory was still new. Strom- 
meyer had begun to admit students to his laboratory 
at G6ttingen for practical instruction in chemistry 
in the first decade of the nineteenth century, but 
Thomas Thomson, then reader in chemistry in the 
University of Glasgow, in the next decade opened 
his laboratory to students‘ and, according to Lord 
Kelvin, himself in 1834 one of Thomson’s students, 
this became the first laboratory in the world in 
which was carried out chemical research and the 
practical instruction of university students in 
chemistry. There were indeed other chairs of 
chemistry in Britain—that at Aberdeen was founded 
in 1793 and one at Cambridge had been created in 
1702, while Daubeny had been professor of chemistry 
at Oxford since 1822. 

None the less, the chair and laboratory at Glasgow 
are to be remembered here first because Thomson 
and Graham, who came to the Andersonian Institu- 
tion, Glasgow, as professor of chemistry in 1830, 
spread the idea that laboratories were necessary in 
training chemists and, second, for the part which 
Graham and his students took in founding the 
Royal College of Chemistry, where Perkin and others 
who played so conspicuous a part in the development 
of the early dyestuffs industry were trained. No 
longer had students of chemistry or physics without 
independent means to rely for experimental work on 
such private bodies as the London Institution or the 
Manchester Royal Institution. For many years those 
with the means to do so flocked to the famous 
laboratory which Liebig opened at Giessen in 1826, 
or, after 1836, to that of Wohler at Géttingen. With 
the opening of the Royal College of Chemistry in 
1845 there was in Great Britain also public provision 
for the practice of experimental chemistry. 

The impulse to scientific and technical education 
had thus been given when Perkin entered the Royal 
College of Chemistry : Playfair’s report on industrial 
education on the Continent had been published in 
1853 and Herbert Spencer’s articles on the need for 
scientific education began to appear in 1854. We 
have still to examine, however, the circumstances 
in which that College was founded. Among 
Graham’s students during the seven years before he 
went to London as professor of chemistry in the newly 
founded University College were Lyon Playfair and 
James Young, both of whom followed Graham to 
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London. Lyon Playfair, after two years as Graham's) 
private assistant in 1839, on Graham’s advice went} 
to Giessen to study under Liebig, and there he first 7 


met Hofmann, at that time studying mathematic, 


and physics. Playfair’s friendship with Liebig led tof 


him acting as conductor and interpreter when ip 
1842 Liebig made his famous tour of Britain. The 


immediate effect of this tour was to make chemistry f 


@ popular science and to strengthen the hands of 
those like Graham who were seeking to develop 
laboratory teaching. The School of Mines, which 
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was opened in Jermyn Street, and King’s College, 
London, as well as University College, gave much 
attention to laboratory teaching. Following an 
unsuccessful attempt to found a Davy College of 
Practical Chemistry within the Royal Institution, 
the efforts of Sir James Clark, the Queen’s physician, 
and the Prince Consort, led to the founding of a new 
College of Chemistry, to which A. W. Hofmann was 
invited as director. 


PERSE RSF ai epeseR ERNE 


The College opened with temporary laboratories in . 


George Street, Hanover Square, in October 1845, but 


by October 1846 was installed in new building | 


fronting on Oxford Street under the title of the 
Royal College of Chemistry. When the College, 
in 1853, was incorporated with the new School of 


Mines and of Science Applied to the Arts, founded 
in 1851, Lyon Playfair, professor of chemistry in} 
In the & 
the 


the latter, retired in favour of Hofmann. 


laboratories of this institution Hofmann, in 





two decades 1845-65, laid an enduring mark on |) 


technical education in Britain and provided the/¥ ,, 


emergent chemical industry with many of its leaders 
in the second half of the nineteenth century. His 


first batch of twenty-six students in 1845 included 
E. C. Nicholson, F. A. Abel, Warren de la Rue, G. } 
Simpson and C. W. Bloxam, the second batch C. B. | 


Mansfield, F. Field and George Merck, while among § 
Hofmann’s assistants besides students such as E. C. © 


Nicholson, J. Spiller and W. H. Perkin himself were 
H. Medlock, Peter Griess and C. A. Martius. (. 
Simpson, like W. Spiller, E. Nicholson and G. Maule, 
were all partners at some time or other in Simpson, 
Maule and Nicholson or Brooke, Simpson and 
Spiller. H. T. Lowe, another student of 1848, was 
works manager to the former firm, F. Field, chemist 
to the same firm, and J. Spiller, consulting chemist. 


Among students preceding Perkin there were also | 
W. Odling, W. Crooks, G. D. Liveing, while after him | 


came W. A. Tilden and, just as Hofmann left for 
Berlin, W. Thorp and H. E. Armstrong. 


These names alone give some measure of the |- 
influence of Hofmann and his students upon the 7 
chemical thought and industry of the time, but the | 


picture is still incomplete. Not only did young 


Perkin enter the doors of the Royal College of) 


Chemistry in the first flush of the development of 
practical laboratory work in Britain and when the 


impulse which the Great Exhibition of 1851 had © 
given to technical education was still felt ; he entered ” 


an institution where teaching and research were 
proceeding side by side under an inspiring leader 
who was rapidly writing new chapters in organic 
chemistry. The way was being prepared for the age 
of organic synthesis, and young Perkin’s enthusiasm 
for research is better understood when we recall the 
exciting developments of the time as Laurent con- 
verted Dumas’s theory into a real theory of sub- 


stitution, Wurtz, Hofmann, Williamson and Odling | 
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elaborated the theory of types, Frankland, working © 
on radicals, introduced the doctrine of valency, and = 












Matics f 







led tof 
hen inf 


The f 
m istry é 
nds of & 


levelop 


; 
f 


which § 
ollege, i 


much 
ng an 
ege of 
tution, 
Sician, 
a new 
in was 


ries in pe 


‘5, but 
dings 
of the 


ollege, 


sen rw 


ool of 
unded FF 
try ing 
in the B 


n the 


rk oni 


d 


the 3 


pacers 14 
| His g 
‘luded 


ue, G. 
C. B. 


mong § 


E. C. 


F were | 


hb Sh 
aule, 
Ipson, 

and 
}, was 
emist 
emist. 
> also 


r him | 


ft. for 


f the | 


1 the 
it. the 
roung 
ze 
nt of 
n the 

had 
tered 
were 
pader 
ganic 
e age 
jiasm 


1 the f 


con- : 


sub- 


dling | 
king © 
and | 









| 


of | 





¥ 










May 5, 1956 


in 1858 Kekulé° and Couper pes snag and 
simultaneously advanced a satisfactory theory of 
molecular constitution resting on the quadrivalency 
of carbon and the capacity of carbon atoms to form 
chains, and that this theory in 1865 led Kekulé to 
his hexagonal structure for benzene. 

“England is not the land of science”, wrote Liebig 
to Berzelius in 1837; but although it is true that 
nowhere in the country was there for decades to 
come any school of organic chemistry comparable 
with that which Baeyer established at Munich, many 
of the important contributions of the period 1840-70 
came from chemists working in Britain who might 
be seen at the regular meetings of the Chemical 
Society or the Royal Society, the journals of which 
provided the means of publication for Hofmann as 
well as for Perkin himself and others like Griess. 
Moreover, in the relatively small circle of chemists 
(even in 1856 the Chemical Society had only 256 
Fellows) in which these developments took place, 
many were known to each other and moved as easily 
from London to Giessen or Géttingen or Heidelberg 
as from Glasgow to London or Manchester or Liver- 
pool or Edinburgh. 

The Chemical Society had only been founded in 
1841 and its Journal did not appear regularly until 
1848, but by the time Perkin entered the Royal 
College of Chemistry it had won its place as a medium 
of communication, not least for the work which 
Hofmann and his school were carrying out on the 
ammonium bases and the compounds of coal tar. 
The importance of this early work of Hofmann, 
Mansfield, Medlock and Nicholson on _ benzene, 
toluene, aniline, toluidine and alkylanilines, and 
especially the development by Mansfield of the tech- 
nique of fractional distillation, is not easily over- 
stressed. Without it Perkin could scarcely have 
attempted the manufacture of mauve and other 
dyestuffs for which those compounds were required. 

Perhaps young Perkin was also fortunate, there- 
fore, that in entering the one real school of organic 
chemistry in Britain at the time, he entered one 
which arose out of technology. Although Hofmann’s 
first research at Giessen had been upon the nature of 
coal tar, and his paper describing this work, entitled 
“A Chemical Investigation of the Organic Bases 
contained in Coal-Tar Naphtha’’, was published in 
the Philosophical Magazine in 1844, coal tar was still 
largely a waste product and something of a nuisance 
when Hofmann came to London. Apart from the 
developing use of creosote for preserving timber, it 
was still frequently mixed with ashes and used to 
heat the retorts of the gasworks or the stills in which 
young Read Holliday was distilling ammonia from 
the ammoniacal liquor of the gasworks. 

Garden had isolated naphthalene from coal tar in 
1819, but 1t was for some time regarded as doubtful 
whether naphthalene existed as such in the tar or 
was a product of its decomposition. Mansfield, in his 
paper on coal tar in the Journal of the Chemical 
Society in 1847, remarking on the deposition from the 
tar of the London gas works of naphthalene as 
granular crystalline masses, called ‘salts’ by the 
workmen, states that it was thrown away as useless 
or burned for lamp-black, although priced at 4-5s. 
an ounce in chemical catalogues. Faraday discovered 
benzene in oil gas residues and described it to the 
Royal Society in June 1825 and suspected its presence 
in coal tar, and in 1832 Dumas and Laurent dis- 
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covered anthracene in residues from the distillation 
of coal. 


Two years later Runge indicated the 
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potentialities of coal tar for the organic chemist, 
isolating carbolic acid, or phenol, pyrrole, kyanol or 
aniline and leucol or quinoline, none of which he 
analysed; and besides noting the blue coloration 
developed on oxidation of aniline with bleaching 
powder, he also described an aniline black, emeraldine 
as well as rosolic acid, while according to B. Anft® 
he had discovered purpurin in 1822 and obtained a 
Prussian patent in 1823. 

These hints, however, were not taken until first 
Hofmann began to investigate aniline and quinoline, 
and then Perkin tried to oxidize aniline. Runge 
appears to have had some real appreciation of the 
possibilities, but was frustrated by E. E. Cochius, 
the business manager of the Oranienburg Chemical 
Works, where Runge was employed, from developing 
them and left the firm in 1852. Thus it was that 
practically all the aniline used by Hofmann in his 
numerous inquiries until Perkin’s discovery stimu- 
lated its manufacture was obtained by distilling 
indigo with potash. 

At the meeting of the British Association in Man- 
chester in 1842, Leigh produced evidence of the 
presence of benzene in naphtha ; and this was con- 
firmed by Hofmann in 1845, who had already, in 
1843, in a joint paper with Dumas, shown that 
aniline could be obtained from phenol through 
ammonium phenoxide. Hofmann now induced Mans- 
field to investigate the liquid hydrocarbons of coal 
tar. Mansfield succeeded in obtaining pure benzene 
and toluene sufficiently pure for Hofmann and 
Muspratt to prepare toluidine from it, while Hofmann 
described ethylaniline, diethylaniline, and methyl- 
aniline in the Journal of the Chemical Society before 
Perkin entered the Royal College of Chemistry. 

None the less, when aniline was required for the 
manufacture of mauve, several inquiries were neces- 
sary before a supplier of benzene could be found. 
Perkin’s first supplies came from Miller and Co., of 
Glasgow, at 5s. per gallon; but this benzene was 
crude, very variable in quality and required redis- 
tillation. Nitrobenzene had only lately been made 
in small quantities as ‘essence de myrbane’ for 
scenting soap and had never been made in iron 
vessels. Unable to obtain commercially nitric acid 
which was sufficiently strong for the nitration, Perkin 
used a mixture of sodium nitrate and sulphuric acid. 
The method succeeded on a small scale, but many 
precautions were necessary when working with larger 
quantities. In the early stages, the nitration was 
carried out in large glass ‘boltheads’. Cast iron stills 
with mechanical stirring gear were not introduced 
for some time after the manufacture of mauve 
commenced, and this improvement is attributed to 
E. C. Nicholson at the Lockfields works of Simpson, 
Maule and Nicholson. 

Perkin himself made large quantities of nitro- 
benzene in this way and deserves full credit for 
overcoming on his own the immense difficulties that 
confronted him. None the less, an infant chemical 
industry was already developing, of which the firm 
of Simpson, Maule and Nicholson, established at 
Lockfields in 1853 as manufacturers of fine chemicals, 
was only one representative. Although the firm 
failed to obtain the desired licence from Perkin and 
Sons for the manufacture of mauve, Simpson, Maule 
and Nicholson sought to manufacture nitrobenzene 
for use by Perkin and Sons, and eventually did so 
cheaply enough to make it worth while for Perkin to 
discontinue the manufacture of nitrobenzene, and 
later of aniline also. Originally, at Lockfields as at 
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Greenford Green, the nitrobenzene was reduced in 
iron vessels with removable still-heads which were 
only placed in position when the reaction showed 
signs of starting, and a water-hose was played on 
the still if the reaction became too violent. It was 
soon found that the cheaper hydrochloric acid could 
replace acetic acid, and by degrees Simpson, Maule 
and Nicholson became manufacturers of dyestuffs. 
Beginning with a product, roseine, which David 
Price had obtained and patented in 1859, they 
followed this with the manufacture of magenta, 
which they were the first British firm to make by 
the arsenic process of Medlock and Nicholson. In 
1860 they built the Atlas works at Hackney Wick, 
and on Nicholson’s retirement in 1868 the firm 
became Brooke, Simpson and Spiller. 

Perkin, however, had given the impulse, and the 
manufacture of magenta (the formation of which was 
first observed by Natanson in 1856, about the same 
time that Perkin discovered mauve) was attended by 
nothing like the difficulties which beset Perkin. 
Moreover, while Perkin had first, or at least simul- 
taneously, to work out the preparation of his inter- 
mediates, his rivals largely worked from intermediates 
to dyestuffs, Ivan Levinstein at Blackley a little later 
being possibly the exception. Thus, the improvements 
in the manufacture of phenol for which Dr. Crace- 
Calvert, who had succeeded Lyon Playfair as pro- 
fessor of chemistry at the Manchester Royal 
Institution, and C. Lowe had introduced from 1857, 
had prepared the way both for the manufacture of 
picric acid, which had come into use as a dyestuff 
about 1851, and of rosolic acid or aurin. 

Indeed, Manchester was already the centre of a 
small synthetic dyestuffs industry when Perkin made 
his discovery of mauve. Roberts, Dale and Co., for 
example, had begun the manufacture of inorganic 
pigments and dyewood extracts at Cornbrook in 
1852 and their interest in wallpaper colouring made 
them quick to exploit every opportunity of meeting the 
demands of an expanding market. Besides picric 
acid, Roberts, Dale and Co. introduced some of the 
first basic and azo dyestuffs, notably aniline yellow 
and Manchester brown, and they had in their service 
for a time such chemists as Caro, Martius and 
Leonhardt, while Peter Griess was a consultant. 
According to J. B. Cohen, at one time the firm 
bought from Perkin and Sons the mauve residues, 
specially purified them, and sold the product to 
calico printers, who used it as a pigment, fixing it 
on the fibre with albumen. In Manchester also was 
centred the manufacture of murexide, the derivative 
of alloxan, the use of which in dyeing wool had been 
described by Schlumberger in September 1853, and 
which was freely marketed for dyeing silk and wool 
in 1856. 

There are two features about the existence of this 
infant dyestuffs industry in Manchester which deserve 
notice. First, while there was a large and expanding 
market for the new wares in the surrounding counties 
of Lancashire and Yorkshire, the real impulse to 
their introduction came from the French dyers, from 
whom also came much of the demand for an in- 
creasingly purer grade of phenol during the decade 
1857-66 which stimulated the work of Crace-Calvert 
and Lowe. It may well also have encouraged Ivan 
Levinstein to make his venture at Blackley in 1864, 
and it certainly facilitated Read Holliday’s entry into 
the dyestuffs field; from distilling coal tar and 
supplying primary materials, he began to make the 
intermediates, and, commencing with magenta in 
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1860, then the colours themselves. Read Holliday 
was also helped by Mansfield, who at the time of hig 
accidental death was working with hydrocarbons 
supplied by Read Holliday and Sons and had for the 
last five years of his life been experimenting for them 
on the utilization of benzene and toluene. 

Perkin, however, had not only to make his ciye. 
stuff and, at first at least, the nitrobenzene and 
aniline required for its production. Its purification 
called for equal resource, and it may be mentioned 
that he had considerable difficulty in getting per. 
fectly tight joints for the process of extracting the 
crude oxidation product under pressure with naphtha 
or strong spirits of salt. Perkin had further to find 
satisfactory methods of applying the mauve to 
fabrics and also to induce the dyers to use them, — 
Pullar wrote to him, in the letter of June 12, 1856, F 
already quoted: ‘This colour is one which has been F 
very much wanted in all classes of goods, and could f 
not be obtained fast on silk, and only at great 
expense on cotton yarns. I enclose a pattern of the 
best lilac we have on cotton— it is dyed by only one 
house in the United Kingdom, but even this is not 
quite fast and does not stand the tests that yours — 
does, and fades by exposure to air’. When, with the 
assistance of his elder brother, T. D. Perkin, he had F 
prepared a few ounces of mauve, Perkin visited F 
Pullar’s and made some experiments on cotton F 
dyeing, only obtaining, however, pale direct shades, F 
not fast to washing, as no suitable mordants for a 
basic dye were known at that time. Experiments on FF 
calico printing were also made at some print works; F 
but printers feared that the dye would be too dear F 
and, although it proved to be one of the most service- 
able colours as regards fastness, they were not 
satisfied because it did not resist bleaching powder 
like madder purple. Perkin then found that appli- 
cation with casein gave good results, but the printers 
who tried it were not enthusiastic and even Pullars 
began to waver. In January 1857, however, on Mr. 
Pullar’s advice, Perkin saw Thomas Keith, a silk 
dyer of Bethnal Green, and after making a few 
experiments Keith encouraged Perkin to proceed 
with the production of mauve. 

Thomas Keith and Sons were the first firm to use 
aniline purple on an industrial scale, and it was in 
use in their silk dyehouse in December 1857, only 
six months after the building of the works at Green- 
ford Green was commenced. In dyeing large amounts 
of silk, however, the great affinity of the dyestuff led 
to uneven shades, and Perkin himself found that 
level shades could be obtained by dyeing in a soap & 
bath. He was thus the first to introduce this general 
method of dyeing in a soap bath, and independently 
of R. Pullar he also discovered the general method F 
of dyeing basic dyes on cotton mordanted with fF 
insoluble inorganic compounds of tannin. This 
method, in which cotton was steeped in a decoction 
of sumac or other tannin, then in a solution of 
sodium stannate (or alum), next in acidified water F 
and finally dyed with aniline purple, was universally § 
employed in preparing cotton for dyeing with basic 
dyes until the use of tannin and tartar emetic was & 
discovered by John Dale, son of the founder of & 
Roberts, Dale and Co., in 1861 and introduced by — 
Thomas Brooks, of Manchester. Calvert claims, —& 
indeed, that he and Lowe succeeded in fixing aniline & 
and orchil colours with tannin and alumina 4 
early as 1858 and that they observed the precipita- 
ting action of tannins for coal tar colours in 1856. 
Others, such as Greatrix of Butterworth and Brookes, 





17 


dlliday 
of his 
irbons 
or the 
them 


3 «lye. 
> and 
cation 
tioned 
per. 
ig the 
phtha 


o find 


ve to & 


them, 
1856, 


; I een a 
could 
great Be 


of the 
y one 


is not © 
yours 


sh the 


e had 
isited Fe 
otton FF 
ades, 


for a 


its on 
orks _ 
dear & 


rv ice- 
) not 
ywder 
uppli- 
nters 
ullars 
1 Mr. 
, silk 

few 
ceed 


9 use 
as in 
only 
reen- 
punts 
ff led 
that 


soap & 


neral 
antly 


thod fF 
with & 
This & 


2tion 
n of 


rater FF 
sally & 


ASIC 


was 
r of 
1 by & 


ims, © 


May 5, 1956 


No. 4514 


were also working with gall-nuts and stannous oxide 
or alumina, and it is clear that, if Perkin led here, it 
was not by much. 

It was not, however, until the end of 1858, when 
the French printers had already introduced mauve 
into their patterns, that British printers began to be 
interested in the colour. Perkin, however, was not 
satisfied with the simple method by which mauve 
was originally used with casein, albumin or glue, 
followed by steaming, and worked for some time 
on this problem at the Dalmonach Print Works, 
Alexandria, Dumbartonshire, where mauve was first 
used in Britain for printing on the large scale. With 
Matthew Grey, he devised and patented a process 
for printing with a lead salt, passing through an 
alkaline solution of soap, followed by dyeing in a 
boiling soap bath. This gave good results, but could 
only be used for a single colour pattern; printers 
then experimented with tannin and a metallic oxide, 
which became the most important method until, in 
1862, Perkin and A. Schultz discovered and patented 
a process based on the formation of an insoluble 
aluminium arsenite of mauve. This process could be 
used in multicolour patterns, gave brilliant shades 
fast to washing and was very largely used. 

Perkin not only thus largely pioneered the appli- 
cation of the colouring matter, he also originated the 
dyemaker’s practice of supplying the user with tech- 
nical service. He spent some weeks in Bradford 
showing the dyers how to dye mixed fabrics of cotton 
and wool successfully with mauve, and his pioneer 
work in this direction cleared the way for the later 
introduction of magenta, Hofmann’s violet and other 
colours also. It was not only in the manufacture of 
the aniline dyestuffs that Perkin started the ball 
rolling : he was as much a pioneer in the application 
of the colours. As H. E. Armstrong remarked : 
“Almost everything he did was novel, and he was 
right in nearly everything’’*. 

Mauve itself had a comparatively short run, and 
the range of dyestuffs manufactured at Greenford 
Green was never extensive. At the International 
Exhibition in London in 1862, Perkin and Sons 
staged an exhibit of the varied uses of mauve and 
displayed a metallic glistening block of the dyestuffs 
representing the quantity obtainable from 2,000 tons 
of coal tar and sufficient to print 100 miles of calico. 
The following year, it was used by Thomas de la Rue 
as an insoluble lake in printing the British sixpenny 
postage stamp ; but within ten years from the outset, 
use of mauve was very limited and one of its last 
uses was in printing the 1881 issue of lilac British 
penny postage stamps which continued in use until 
the end of Queen Victoria’s reign. Perkin’s other 
major achievement—the synthesis and manufacture 
of alizarin—belongs to the last few years of the firm’s 
existence : the first invoice for the artificial alizarin 
was dated October 4, 1869, in which year the firm 
made one ton of paste. In 1870, when they made 
40 tons, the firm was still practically the only maker, 
and in the following three years they made 220 tons, 
300 tons and 435 tons of paste with practically no 
opposition in the home market. 

In the preceding ten years, however, Perkin and 
Sons had manufactured magenta by the mercury 
nitrate process (quickly discontinued), an ethyl 
derivative of mauve known as dahlia, for dyeing and 
calico printing ; aniline pink, or safranine, obtained 
by oxidizing mauve with lead peroxide ; the Britannia 
violets, discovered by Perkin in 1863 and obtained 
by heating purchased magenta with brominated tur- 
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pentine in methyl alcohol under pressure; and 
Perkin’s green obtained from these with acetyl 
chloride (a process which necessitated the manu- 
facture of both phosphorus trichloride and acetyl 
chloride), used in calico printing in place of the 
expensive iodine green’. The firm also made mixtures 
of aniline salts, oxidizing agents, and copper com- 
pounds for use in producing aniline black. 

Thus, Perkin’s contribution to the development of 
the industry is not in the range of dyestuffs which he 
actually manufactured but in his demonstration of 
its possibilities and the resource and determination 
with which he overcame the initial obstacles alike to 
the manufacture of mauve and to its application in 
dyeing. To appreciate fully the magnitude of his 
achievement it is necessary to compare the range of 
colours available for the dyer’s palette when he 
began his work with that available some five years 
later, when Hofmann reported as juror on the 
Chemical Section of the International Exhibition in 
London, and also to notice the way in which his ideas 
pervaded the scientific and technical circles of the 
time. By and large, the dyer used logwood for black 
and navy shades, indigo for blue, madder for red, 
yellow berries for yellow, tumeric for brown, cochineal 
and safflower, indigo and madder being by far the 
most important, though according to a report written 
at the time of the Great Exhibition of 1851, which 
puts the exports of cotton, linen, silk and leather 
manufactures as more than £45,000,000, imports of 
cochineal had increased Dy more than 50 per cent 
by weight between 1847 and 1850, and by 1851 
cochineal and lac dyes had quite superseded kermes. 
In this report, synthetic dyestuffs are not mentioned, 
although Guignot showed specimens dyed with picric 
acid at the Exhibition. Even two years later, J. 
Napier’s ‘““Manual of the Art of Dyeing’ contains no 
mention of picric acid, and yellows on silk were 
obtained solely with weld, bark and fustic or bark 
and annotta liquid. Even O’Neill’s “A Dictionary of 
Calico Printing and Dyeing” in 1862 says of picric 
acid, “This is only lately introduced as a dyeing 
material for silks and woollens”, but he reports that 
abundance of murexide was coming into the market 
along with a process of applying it on calico. 

Hofmann in this juror’s report quotes from an 
article of August 24, 1862, by M. E. Meunier: “Not- 
withstanding the enormous price at which the aniline 
colours have been sold, the new industry has already 
exercised a most depressing influence on the com- 
merce of cochineal. From 15 francs 50 centimes per 
kg. the price of cochineal has fallen to 8 francs. 
Safflower is difficult to dispose of at 25 francs per 
kg. although two years ago easily sold at 45 francs. 
The production of picric acid has considerably 
diminished the importation of yellow dyewoods. 
Even indigo itself, although still occupying the first 
rank as a colouring matter, has been thrown some- 
what into the shade by the brilliancy of the aniline 
blues and violets. For dyeing silk, indigo is no longer 
used. Thus, of three dyeing materials, hitherto 
considered indestructible elements of the commercial 
prosperity of tropical countries, we find indigo 
diminished in its applications, and cochineal and 
safflower very notably depreciated, solely and 
exclusively by the work of the chemist’. 

It did not then perhaps appear as fully as to us 
to-day how largely that was due to the work of one 
young chemist, still only twenty-two, but in England 
at least the natural dyestuffs retained a strong place 
in the dyeing and printing trades for more than a 
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generation. Not for a decade was Perkin’s production 
of synthetic alizarin to bring about the rapid dis- 
placement of madder. and the replacement of natural 
indigo by the synthetic product waited on the 
investment of more than £1,000,000 in research and 
thirty years of sustained endeavour, and added 
£3,000,000 to the annual turnover of the dyestuffs 
industry. Griess had made the observation which 
led him to his great discovery of the diazo compounds 
before he left Kolbe’s laboratory in Marburg, and 
the note in which he first directed attention to this 
new reaction of nitrous acid was communicated to 
the Royal Society on December 8, 1858, by Hofmann, 
whose assistant he had then become. Aniline yellow 
came in 1863 and Manchester brown in 1864; but 
the flood gates were only opened to the azo dyestuffs 
by Roussin, Witt and Bottiger from 1875, after 
Perkin had left the industry. 

It was in this juror’s report that Hofmann made 
the prophecy: “England will, beyond question, at 
no distant day, become herself the greatest colour- 
producing country in the world, nay, by the strangest 
of revolutions, she may, ere long, send her coal- 
derived blue to indigo-growing India, her tar-distilled 
crimson to cochineal-producing Mexico and her fossil 
substitutes for quercitron and safflower to China, 
Japan and other countries where these articles are 
now derived”. Even when Perkin left the industry 
this prophecy was not impossible of fulfilment. 
Perkin had shown the way: together with Hofmann 
and Nicholson he had largely made the industry. 
Hofmann’s students and assistants were every- 
where. Moreover, the little scientific and technical 
society of the time was mobile, and competition 
did not check a real interchange of ideas in opening 
up @ new field in which science and _ technology 
advanced side by side. 

C. H. Greville Williams, the discoverer in 1859 
(1856 is sometimes claimed, but the evidence is 
doubtful: the discovery was patented in 1859) of 
quinoline blue, was a chemist with Perkin at Green- 
ford Green during 1863-68 before founding the firm 
of Williams, Thomas and Dower at Brentford, where 
Witt a little later made some of the first acid azo 
dyes. F. Field, who gave his name to Field’s yellow, 
or aminoazobenzene, which he made for Simpson, 
Maule and Nicholson, by passing nitrous gases from 
nitric acid and starch into aniline, had been pre- 
viously professor of chemistry at the London 
Institution ; Crace-Calvert in Manchester had a foot 
in industry as well as in teaching as professor of 
chemistry at the Manchester Royal Institution ; 
Lyon Playfair, his predecessor, too, was manager of 
Thomson’s print works at Clitheroe in 1841. 

What seems worth noting in this connexion with 
the founding of the dyestuffs industry is the extent 
to which, in the meetings of the Royal Society, the 
Chemical Society or the Manchester Literary and 
Philosophical Society in the period from 1840, there 
was to be found a nucleus of members with industrial 
experience as well as a keen interest in the rapidly 
advancing science of chemistry. At the meetings of 
the Chemical Society might be found besides Graham, 
its first president and one of the only two British 
chemists for whom, in 1837, Liebig had a good word, 
Anderson, Lyon Playfair, W. Odling, Williamson, 
Kolbe, who in 1847 was assisting Playfair in London, 
Frankland, H. E. Schunck, and, in 1853, Kekulé, then 
assistant to Stenhouse at the Mint. The Royal 


Society numbered among its Fellows Edmund Potter, 
James Thomson, Walter Crum and John Mercer, men 
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and in what are known as the Whalley meetings 


which began about 1843, and although the original | 


number of ten persons was not greatly exceeded, 
were remarkable for the distinction of their member. 
ship. l 
Less than justice has been done to the influence of 
the Manchester Literary and Philosophical Socicty 
in the mid-Victorian era in fostering the spread of 
ideas and the interaction of science and technology, 
Early in its history Thomas and William Henry 
were well known for their contributions in develop. 
ing dyeing and calico-printing, and that tradition 
was carried on in the ‘forties and ‘fifties by John 
Dale and by H. E. Schunck, originally a calico 
printer, who in 1842 characterized the organic 
colouring matters to the Chemical Society as an 
“unexplored field” and became one of the earliest 
workers in it, particularly on indigo and madder, 
his investigations providing Pincoff and Co., of 
Manchester, with the basis for the improvements in 
the manufacture of alizarin and garancin which 
Hofmann commended at the 1862 Exhibition. Co. 
worker with Schunck on alizarin at Rochdale until 
1850 was James Higgin, another Fellow of the 
Chemical Society and an authority on calico-printing, 
who also worked for a time with Dr. Angus Smith 
and later, in 1857, with John Lightfoot had a patent 
application for fixing colouring matters with glue or 
glutinous or aluminous substances. John Mercer 
himself had retired from his partnership in Fort’s 
calico-printing works at Oakenshaw eight years 
before Perkin’s discovery of mauve, and the versatile 
James Young had, in 1847, after eight years in Man- 
chester, in which he founded the first chemical section 
of the Literary and Philosophical Society, been 
started off by Playfair on the quest which founded 
the Scottish shale oil industry. Before he left Man- 
chester in 1852, by bringing together in this Chemical 
Section in informal discussions, usually around the 
tea table, some thirty works chemists, he widened 
the opportunities for discussion between industrialists 
and scientists, then essentially amateurs, already 
notable in and around Manchester. 

It does not detract from the merit of Perkin’s real 
achievements that there is strong evidence that the 
hint given in Runge’s work twenty years earlier was 
not altogether lost on the chemists of the north, and 
that if Perkin had not lighted on mauve others in 
Lancashire would soon have produced aniline red or 
similar products by oxidizing aniline bases. 

In spite, however, of the evidence of the close 
relations between science and industry at that time, 
we find H. E. Roscoe, in 1883, more than a quarter 
of a century later, expressing the hope that ‘‘calico- 
printers ere long will buy dyes from British dye 
makers’. That hiatus suggests that another tendency 
of the time deserves note in passing, though its full 
effect on the dyestuffs industry was scarcely felt for 
another fifty years. While it is true that Hofmann 
himself returned to Germany in 1865 and that within 
a few years Caro, Martius, Leonhardt, all of whom 
had worked in the developing British industry, 
followed him to build up the industry in Germany 
after the Franco—Prussian war, there was another 
movement outward from the Royal College of Chem- 
istry and the British firms. We have already noted 
the close association of academic life and industry in 
the person of Playfair himself and Crace-Calvert. 
There were others also; but, equally important, 








of mark in calico-printing, and also to be found in 7 
the Manchester Literary and Philosophical Society | 
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Hofmann’s students and assistants moved out into 
academic life as well as into industry, and thus there 
were some places at least where the seed which 
Playfair and Roscoe later scattered in their campaign 
for technical education fell on fertile ground. 

So, though within ten years of Perkin leaving the 
industry, drawn by his passion for research, the 
decline of the industry in Britain was being lamented 
by Roscoe, Levinstein and others, the seeds of 
its future expansion were already being scattered. 
But we are not here concerned with why they lay 
dormant for over a generation or the reasons which 
led to the industry languishing to its near extinction, 
or with its brilliant renaissance in the past forty 
years, but to commemorate Perkin’s achievement, 
with Hofmann and Nicholson, in founding an industry. 

That Perkin was fortunate in his hour and in his 
times is undeniable, but the chance which placed 
mauve in his hands was the chance which favours 
the prepared mind. There was nothing haphazard or 
half-hearted about the way in which Perkin equipped 
himself for the career of research on which his mind 
was set, and, through those sixteen years which he 
spent in the industry which he, more than anyone 
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else, created, he displayed the same determination, 
enthusiasm and pioneering spirit that he brought to 
bear in his laboratory during a long life of research. 
He could claim, with complete justification in lec- 
turing to the Society of Arts in 1868: ‘to introduce 
@ new coal tar colour after mauve was a comparatively 
simple matter. The difficulties of all the raw materials 
had been overcome as well as the obstacles”. It was 
not his luck but his initiative, his resourcefulness, his 
persistence and determination that made him the 
foremost technologist of his day, and the qualities 
and achievements which constitute Perkin’s real 
claim to remembrance in industry are exactly those 
which are still needed as Britain faces the social and 
industrial implications of an age in which coal will 
no longer form the sole basis of power or of technology. 


1 Trans. Chem. Soc., 69, 596 (1896); J. Soc. Dyers Col., 54, 551 (1938). 

* Chem. and Indust., 515, 547 (1935). 

*“*What Chemistry Owes to Chemical Science’”’, 3rd edit., p. 120. 

*W. Crum suggests that Thomson opened his laboratory to pupils 
while still teaching in Edinburgh, 1801-11, Proc. Phil. Soc. Glasgow, 
252 (1864). 

5 J. Chem, Educ., 32, 566 (1955). 

* Pharm. J., 78, 187 (1931). 

7 J. Soe. Dyers Col., 24, 95 (1908). 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH* 
ANNUAL REPORT FOR 1954-55 


Research Associations 


URING the year 1954-55 grants were offered to 
D three new research organizations, bringing the 
total of those in receipt of grant from the Department 
of Scientific and Industrial Research to thirty-nine, 
with six other co-operative industrial research organ- 
izations which have not yet reached the status of 
research associations. Co-operative industrial research 
for the glass industry has been carried out at the 
Department of Glass Technology, University of 
Sheffield, since 1915; but while this Department 
will continue its long-term fundamental research, the 
work of more direct industrial interest will be under- 
taken by the new Association, to which a block grant 
of £10,000 a year has been offered for the period 
April 1, 1955—March 31, 1960, conditional on £20,000 
being obtained from industry, and with up to an 
additional £12,000 on a cent-per-cent basis from 
industry. The Research and Development Committee 
of the Timber Development Association, which has 
acquired new premises near High Wycombe, has 
been offered a block grant of £14,000 a year for the 
period January 1, 1955-December 31, 1957, con- 
ditional on £28,000 coming from industry, with up 
to a further £4,000 on the cent-per-cent basis. 

New terms of grant were offered to eight research 
associations and research councils during the year. 
The British Leather Manufacturers Research Associa- 
tion, for the period October 1, 1954-September 30, 
1956, will receive a block grant of £16,000 a year, 
conditional on £32,000 coming from industry, with 
up to a further £12,000 on a cent-per-cent basis. 
From October 1, 1956, to September 30, 1959, the 
block grant will be conditional on the Association 
receiving £34,000 from industry. A special pro- 
gramme of research on the dyeing and pigment- 


* Continued from p. 771. 





finishing of leather has been commenced, and trials 
on goatskins in India through the monsoon indicate 
that sodium pentachlorophenate is effective in keeping 
sound skins in a good condition. Long-term investi- 
gations of the particle size of chromium complexes 
in solution indicate that the average size increases 
with the basicity of chrome tanning liquors. A 
method has been found by which soft and extensible 
leather backing can be made to adhere to glacé kid 
skins, and comprehensive washing trials have shown 
that while soap is harmless to chamois washing 
leathers, anionic detergents containing polyphos- 
phates, as well as non-ionic detergents, are liable to 
cause damage. 

The Cutlery Research Council, which for the period 
January 1, 1952—December 31, 1959, will receive a 
block grant of £3,000 a year, conditional on £4,000 
coming from industry, and up to a further £3,000 on 
the cent-per-cent basis, continued its long-range 
project on the properties and heat treatment of 
cutlery stainless steel. In accordance with the change 
in emphasis to longer-term work of a more funda- 
mental nature, projects have been initiated on the 
quality and characteristics of cutlery edges and a 
study of mechanical polishing processes and the 
surface finishes they produce. For the period January 
1, 1955-December 31, 1959, the block grant to the 
Parsons and Marine Engineering Turbine Research 
and Development Association will be increased to 
£40,000 a year, conditional on £100,000 coming from 
industry, with up to a further £30,000 on the basis 
of £75 for each additional £100 from industry. 
Extensive tests on an experimental high-pressure, 
high-temperature steam turbine operating at 1100° F. 
and 1,100 lb./sq. in. are revealing the relative suit- 
ability of various materials for use under these 
conditions. An epicyclic turning gear incorporating 
a hydraulically operated disk brake for engage- 
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ment and an automatic overload cut-out has been 
developed, and great advances made in the design of 
new bearings which have much lower power losses, 
greater overload capacity, and the ability to continue 
running after occurrence of oil failure. 

The terms of grant to the British Internal Com- 
bustion Engine Research Association for the period 
April 1, 1954-March 31, 1957, are unchanged, pro- 
viding a block grant of £15,000 a year conditional on 
£25,000 being received from industry, with an 
additional £10,000 on the usual basis. Further con- 
firmation has been obtained of the accuracy of the 
Bicera method of evaluating crankshaft stiffness, and 
investigations of the running characteristics of a 
four-stroke cycle engine fitted with variable-ratio 
pistons continued, employing turbochargers of con- 
ventional type. Work on test rigs continued in order 
to determine the applicability to larger engines of 
previous findings in connexion with valve gear noise 
and a simplified form of pilot injection device, 
intended primarily for use with a hydro-pneumatically 
operated injection pump, has been developed. 

The Motor Industry Research Association, which 
has completed its first year in its new laboratories at 
Lindley, near Nuneaton, will receive a block grant of 
£30,000 a year, conditional on £80,000 coming from 
industry, for the period July 1, 1955—June 30, 1960, 
with up to a further £30,000 on the basis of £75 for 
each additional £100 from industry. Work proceeded 
on a study of bending and torsional loads in the 
crankshafts of a ‘square’ petrol engine (in which the 
cylinder-bore and piston stroke are equal) and of 
a 10-litre, 6-cylinder, 4-stroke, compression-ignition 
engine. The effect of design features of cast crank- 
shafts on the torsional fatigue strength was studied 
and also the causes of failure in service of splined 
axle shafts, and work initiated on torque converters 
included a critical survey of hydrokinetic, hydro- 
static and mechanical converters and experimental 
investigation of a hydrostatic converter. 

For the period October 1, 1956-September 30, 
1960, the Linen Industry Research Association will 
receive a block grant of £15,000 conditional on 
£30,000 being received from industry, with up to an 
additional £10,000 on the cent-per-cent basis. In its 
spinning research, the Association has given priority 
to the development of a new servo-drafting control 
mechanism which permits greater regularity of yarn 
and the spinning of finer counts, and to a modified 
ring system for wet spinning which gives much 
greater productivity. Work on the macro-structure 
of the flax fibre continued and a new method of 
testing the water-proofness of cover canvas is being 
developed. 

The Research Council of the British Whiting 
Federation, which has acquired additional premises 
at the Hall, Welwyn, in order to undertake pilot- 
plant work, will receive a block grant of £6,000 a 
year for the period January 1, 1956-September 30, 
1959, conditional on £10,000 coming from industry, 
with up to an additional £2,000 on the cent-per-cent 
basis. The efficient use of fuel in the drying processes 
of the industry has been studied in the works of 
members and numerous recommendations made 
leading to appreciable economies, while work on 
hydraulic and air methods of classifying whiting 
continued. For the period January 1, 1956-December 
31, 1958, the Research and Information Committee 
of the Furniture Development Council, since April 
1955 housed under one roof in premises in Holloway, 
will receive a block grant of £6,000 a year, conditional 
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on £10,000 coming from industry, with up to a 
further £4,000 on the basis of £80 for each additional 
£100 from industry. Research on cabinet construc- 
tion, particularly the structure of cabinets made 
from wooden frames with thin panels attached, 
continued, the development of performance tests for 
domestic furniture has been completed and efforts 
are being made to develop simple and accurate meiing 
of assessing the properties of finishing materials, 
particularly lacquers. 

Of the work of the remaining research associations, 
only a few points of interest can be mentioned here. 
The fundamental work of the British Baking Indus. 
tries Research Association on natural oils in flour and 
bread indicates that the flour oil fraction considera!ly 
affects bread quality and is closely linked with the 
way in which bread quality is improved by shorten. 
ings and other substances. The British Boot, Shoe 
and Allied Trades Research Association has issued a 
major report on the comprehensive survey of the 
feet of more than two thousand adult women which 
introduces a new way of looking at and analysing 
foot measurements and may profoundly affect design 
of the last. The British Cast Iron Research Associa- 
tion has developed a promising téchnique for sampling 
molten metal for hydrogen estimation, and the 
British Ceramic Research Association’s study of the 
health hazards associated with the towing of the 
edges of plates in the fettling process and the appli- 
eation of correct air-flow principles substantiated by 
ciné-photography in special lighting have led to the 
design of an exhaust hood which gives satisfactory 
control of the dust and is now being widely adopted 
by the industry. The British Coal Utilization 
Research Association’s work on domestic appliances 
has shown that the central heating and hot-water 
supply demands of a house of medium size can be 
satisfactorily provided by a relatively small boiler of 
6-10 sq. ft. heating surface, and in the trials two new 
systems of automatic control were developed and 
patented, utilizing the pressure differential available 
across the circulating pump. The British Coke 
Research Association has made further studies of the 
thermal conductivity of the coal charge during carbon- 
ization and of the properties of carbon and the process 
of carbonization. Extensive mill trials are proceeding 
of a hood and extraction system developed by the 
British Cotton Industry Research Association for 
fitting to carding engines, which, by reducing the 
dust content of the atmosphere by 90 per cent, is 
believed to reduce the accompanying disease of 
byssinosis. Further progress is reported of the 
Shirley Developments, Ltd., the activities of which 
are now beginning to affect appreciably the rate of 
application of scientific advances by the industry. 
The British Electrical and Allied Industries Research 
Association has installed an automatic equipment 
for cyclic tests on joints with live steam at a power 
station, and in experiments on polythene cross-linked 
by high-energy radiation has discovered a new type 
of intrinsic breakdown in which the material fails 
mechanically under the electrostatic forces present. 
The British Hat and Allied Feltmakers’ Research 
Association continued its study of damage to wool 
noils and a comprehensive large-scale study of the 
carrotting process. The Research Association of 
British Flour Millers continued to collaborate with 
the National Institute of Agricultural Botany in the 
effort to find wheat varieties of improved milling and 
baking quality, and also its work on the effect of 
improvers upon the quality of flour. The British 
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Food Manufacturing Industries Research Association 
extended its study of the melting and crystallizing 
behaviour of cocoa butter and of possible alternative 
fats; and the Fruit and Vegetable Canning and 
Quick Freezing Research Association continued its 
work on the effect of conditions of cutting and drying 
of harvested peas on their texture when canned as 
processed peas. 

Steady progress was made by the British Gelatine 
and Glue Research Association in fundamental 
investigations into the structure, properties and mode 
of formation of gelatin and animal glue; and the 
Hosiery and Allied Trades’ Research Association’s 
investigations on crimped nylon products promise to 
facilitate a more precise control of their ‘handle’ and 
elastic properties. The permanent fireproofing process 
developed in the British Jute Trade Research 
Association’s Laboratories retains its effectiveness 
even after immersion in sea water for four to five 
weeks and also after four months free exposure to 
atmospherie conditions. Further work by the 
British Launderers’ Research Association has con- 
firmed the effect of traces of impurities in the fibres 
on the extent of dirt removal produced by detergent 
solutions. A method recently developed in the 
British Non-Ferrous Metals Research Association’s 
laboratories allows the fatigue limit of many materials 
to be determined in a few hours with only one 
specimen, and the Association has also developed the 
use of the direct-reading spectrograph, the quanto- 
graph, in the analysis of copper and copper alloys. 
The Research Association of British Paint, Colour 
and Varnish Manufacturers is using autoradiography 
to examine the migration of plasticizer from synthetic 
latex paint films into wooden substrates, and con- 
tinued a special programme on the adhesion of paint 
films to their substrates. 

The work of the British Paper and Board Industry 
Research Association is making a material contribu- 
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tion to scientific knowledge of the physical structure 
of papermaking fibres which it is hoped will lead to 
improved techniques for developing the physical 
characteristics in commercial pulp required to 
produce sheets of paper of satisfactory quality. A 
main object of the packaging research of the Printing, 
Packaging and Allied Trades Research Association is 
to improve the performance of packages so that they 
provide the maximum protection at the minimum 
cost. The British Rayon Research Association 
made further fundamental studies on the frictional 
properties of individual fibres with particular refer- 
ence to the effect of diameter. The electromagnetic 
method of thickness-gauging devised by the British 
Scientific Instrument Research Association for use 
on lead-covered power cables has reached the stage 
of commercial exploitation. 

The wide range of the contribution to industrial 
advance and to national welfare which the Depart- 
ment of Scientific and Industrial Research is making, 
both directly through its own research stations and 
indirectly through its support of the research associa- 
tions and of fundamental research at the universities, 
is sufficiently illustrated by the foregoing examples. 
What should be no less apparent is that the real 
difficulty is to select from the many possible projects 
those on which public money can be spent to the 
best advantage. The increased provision made for 
the work of the Department over the past few years 
has not, in fact, permitted any real expansion: it 
has scarcely balanced the mounting costs of research. 
While the present report does not supply all the 
information required for a sound judgment, it does 
indicate the need for some careful consideration of 
the exact functions of the Department and of 
its place in the national organization of research 
when the Bill now before Parliament to change 
its administrative and financial arrangements is 
debated. 


DETECTION AND DEVELOPMENT OF SCIENTIFIC ABILITY 


N March 17, the British Social Biology Council 

held a conference on “Scientific Ability: its 
Detection and Development’”’ at the London School 
of Economics. It was attended by a good number of 
teachers, representatives of Government departments, 
members of national organizations of a scientific 
nature, and representatives of industry. The purpose 
of the conference was to consider the influences 
acting on the minds of boys and girls in deciding 
whether or not to take up science; the ways in 
which scientific ability may be detected and 
developed ; and the extent to which originality in 
science is subject to changing conditions. It brought 
to light three major points. 

The first point was that although science is rapidly 
altering the material fabric of the economic world, 
and profoundly influencing all aspects of human 
culture, very little consideration is being given, at 
research level, to.the nature of scientific ability itself 
and the conditions under which it develops. This is 
particularly true of Great Britain. Studies made in 
the past, chiefly in the United States, have little 
value in predicting scientific talent, since they fail 
to distinguish promise in this direction from that in 
other walks of human life, such as commerce, the 


arts and the professions. There is urgent need for 
new researches to be undertaken, drawing on the 
insights provided by recent progress in psychology. 

The second point was that while latent intelligence 
is almost certainly inherited—a point that received 
no consideration at the conference—it is now fairly 
generally agreed that the manner in which it mani- 
fests itself is subject to influences of a personal and 
social nature. There does not appear to be any 
special mental characteristic that is essential for 
success in science; instead, given equal degrees of 
intelligence, the difference between the scientist and 
the artist, the teacher and the man of affairs, can be 
attributed to the accidents of family upbringing, 
educational training, and opportunities in the choice 
of a career. This realization carries with it a supple- 
mentary one that in varying degrees, depending on 
innate intelligence, there is still in the nation a large 
reservoir of potential scientific ability lying latent— 
both among boys, and to a still greater extent among 
girls, among whom its development presents special 
difficulties. 

A third point was that owing to social pressures, 
tendencies that are recognized as being unfavourable 
continue in operation, on account of the absence 
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of positive action to resist them. It was, for example, 
generally agreed that specialization ought not to take 
place in the schools until a boy or girl has reached 
the Ordinary level of the General Certificate of 
Education; but some of those present explained 
that they were powerless to resist the demands of 
parents who wanted their children to have the 
longest possible time in which to prepare for highly 
competitive examinations. Yet as a measure of 
attainment, the General Certificate of Education 
examination itself came in for criticism. At a later 
stage the same kind of pressures were seen to be 
exerting a bad effect on work done in polytechnics 
and similar institutions, the overcrowded syllabus 
leaving the students no time to pursue their own 
interests and investigations. These pressures will 
continue until a concerted effort is made to alter the 
character of examinations like those for the General 
Certificate of Education at Ordinary and Advanced 
level, the First M.B. and for university scholarships, 
so as to give less weight to the mere accumulation of 
knowledge that a candidate can carry in his head. 

Prof. N. F. Mott opened the proceedings by 
emphasizing that the function of a university was to 
give specialized training of a high degree. He felt 
that in a cultural sense, breadth depended on studying 
some subject thoroughly and then seeing where it 
led. But he was aware of the dangers of excessive 
formalized teaching, and in favour of postponing 
some of it to courses leading to the Ph.D. degree. 
He felt compelled to recognize that, under present 
conditions, a certain amount of specialization at 
school was unavoidable. 

Discussing the nature of scientific ability, Mr. Alec 
Rodger explained that it took a variety of different 
forms and that lines of demarcation were indistinct. 
After reviewing the studies that have been made of 
this problem, he thought that one might conclude 
that, in favourable circumstances, any reasonably 
able person might become a reasonakly competent 
scientist (though he made an exception in the case 
of high ability amounting to genius); and since it 
appeared that general ability was convertible, he 
drew the conclusion that, in the schools, early 
specialization in any direction should be resisted. He 
put forward the suggestion that since young children 
are keen observers, it might be advisable to build up 
early training in science around some agriculture 
instead of the traditional chemistry and physics. 

Mr. M. A. Brimer, of the National Foundation for 
Educational Research, also emphasized the unreliable 
nature of qualities which in the past had been held 
to be indicative of ability in science. Those that 
might be of value in the selection of a young scientist 
might prove of little reliability in assessing the 
capabilities of a mature research worker. Through- 
out the country there was no uniformity in the 
selection test at 11+ years of age, on the results 
of which children were transferred to grammar 
schools. The same was true of the test at 13+ 
years, upon which allocations were made to tech- 
nical schools. He criticized the General Certificate 
of Education examination, which was allowed to 
take place without any check on its reliability ; 
it covered @ narrow range of attainment and had 
only a restricted scope. Basing his case on the 
argument that the variety of patterns of experience 
depended on the size of a school, he was in favour 
of comprehensive schools, and felt that the new ones 
to be built should be larger than those now in 
existence. Mr. Brimer suggested that in the schools 
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guidance should be individual and continuous ; he 
looked forward to this development as an essential 
part of the educational service, carried out by staff 
specially trained in psychometrics. 

Problems relating to the teaching of girls were 
considered by Dr. E. M. Delf-Smith. Speaking 
generally, girls’ schools experienced acute difficulties 
on account of the shortage of scientifically trained 
teaching staff, inadequate laboratory space and a 
poor supply of equipment. All this, she thought, 
constituted a great handicap for the nation, not only 
in a material sense, of girls being lost to science, but 
also in that conditions were allowed to continue 
which fostered an outlook on life that lacked 4 
proper appreciation of the cultural value of science, 
She recognized that it was easier for girls to win 
places to universities in arts than in science, and 
that, as a whole, girls showed greater aptitude for 
biology than for physics; even so, if full use were 
made of their latent abilities, they would release men 
for work in the more technical fields, such as 
engineering. 

For the afternoon session, Prof. R. M. Barrer was 
in the chair. He referred to the number of first-year 
men at the universities who appeared to have reached 
the upper limit of their capacity. They constituted 
@ problem in selection, yet all forms of ability were 
needed by the nation. For success in science, how- 
ever, certain personal characteristics were also 
essential, a point that, in his day, Faraday had 
appreciated. 

Drawing on many years of teaching practice under 
school conditions, Mr. W. Llowarch, of the University 
of London Institute of Education, said that the most 
gifted young scientists that had passed through his 
hands had not fitted into any normal pattern of 
training; they had demanded individual attention. 
Yet a considerable proportion of them had elected 
to take up engineering although they had shown 
promise of being capable, after suitable training, of 
undertaking fundamental research. Teaching practice 
in the schools was still preoccupied with the factual 
and informational aspects of science, leaving too 
little time for independent inquiry. The good second- 
class boy, he thought, might have his interest aroused 
best if the approach were made through engineering 
or agriculture. 

Mr. W. H. Dowdeswell, of Winchester College, said 
that observation and originality were the sparks that 
shone most brightly in a young scientist. All children 
were born experimenters; they rebelled against 
repetition and loved to pursue inquiries to which 
there was no known answer. Because of that, there 
was a@ wide difference in practical work between 
experiment and verification. He considered that for 
some of the most gifted boys, the last one or two 


terms at school, after the scholarship examination, | 


were extremely valuable, providing the opportunity 
for ranging widely and pursuing individual lines of 
investigation. For non-scientists, he made a strong 
case for a course in general science at a late school 
stage. For similar, but still stronger, reasons he made 
a plea for the introduction of courses in Science 
Greats at the universities. 

The discussion produced a conwncing statement 
from Mr. A. J. Peters, of the National Foundation 
for Educational Research, on the need for more 
technical training. A survey on which he had been 
engaged had shown that the supply of pure scientists 
was comparatively good but that there was a serious 
shortage of technologists and technicians. Present 
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schoo! courses in chemistry and physics did not 
appeal to many boys willing and capable of taking 
up these occupations; and owing to the lack of 
adequate facilities, thousands of children in secondary 
modern schools were being lost to British industry. 
At the grammar school level, too, the lack of suitable 
equipment for training in applied science was almost 
universal. In suggesting that considerable scope 
remained for increasing the supply of young scientists, 
he was strongly supported by some other speakers, 
who considered that existing standards of require- 
ments for entrance to industry should be critically 
examined and courses of training carefully reviewed. 

As a whole, however, the discussion served to 
reveal once more the short range and empirical nature 
of the terms in which educational matters, and those 
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relating specifically to training in science, are being 
considered not only by teachers but also by repre- 
sentatives of industry, members of public bodies and 
by many people at the universities, including a high 
proportion of scientists. These terms are not adequate 
for the effective assessment of the problems with 
which we are faced; still less can they be relied 
on to produce any satisfactory solution. A wider 
appreciation of the importance of fundamental 
research is essential, and with it must be associated 
a deeper understanding of the part that social forces 
play in the development and expression of all kinds 
of human ability. This is the only way in which, at 
this stage, the supply of scientists can be sub- 
stantially increased. Only then will science take its 
true place in the cultural life of the nation. 


OBITUARIES 


Prof. W.H. Keesom 


Pror. W. H. Kerssom, whose death occurred in 
Leyden on March 3, was born on June 21, 1876, 
the son of a farming family at Texel, which is one 
of the small islands in the north of Holland. On 
this island the majority of the habitants make 
their living by lamb breeding. During many years 
the father of Prof. Keesom was a well-known figure 
on the lamb market of Leyden, which he regularly 
visited to deliver his lambs. His origin from the 
north established a strong impress on the person- 
ality of Keesom. So he was tenacious, but ‘silent’ 
and difficult in conversation. Also from his origin 
the young Keesom was not prepared to become a 
specialist in physics. Because of his unusual intelli- 
gence, his parents sent him to Alkmaar to study 
there at the secondary school. 

At the age of eighteen, Keesom started to study 
at the University of Amsterdam. There he followed 
the courses of van der Waals and van ’t Hoff. It was 
under the influence of those great masters that 
Keesom’s interest for physics appeared. 

In 1900 Keesom left the. University of Amsterdam 
and became assistant under Kamerlingh Onnes at 
the Physical Laboratory of the University of Leyden. 
There he worked for seventeen years (1900-17), first 
as assistant and later as conservator, under the 
direction of Kamerlingh Onnes on the thermodynamic 
properties of gases and specially of helium. In 1904 
he obtained his doctorate under van der Waals at 
the University of Amsterdam with a thesis entitled 
“Isotherms of Mixtures of Oxygen and Carbon 
Dioxide’. In 1912 there appeared his famous paper 
“Die Zustandsgleichung’’, in the ‘Encyclopédie der 
Mathematischen Wissenschaften”’. 

Keesom left Leyden in 1917 to become lecturer 
and later professor in the University for Veterinary 
Science in Utrecht. There he developed a laboratory 
for X-ray analysis of the structure of solidified gases. 
In 1923 he returned to Leyden as successor to 
Kamerlingh Onnes, and since 1924 he had, with 
Prof. W. J. de Haas, directed the Kamerlingh Onnes 
Laboratory there. From that date the laboratory 
was divided into two sections (I and II): Keesom 
undertook the directorship of section I, which was 
specially devoted to the study of molecular physics ; 
de ‘Haas took for his part the field of magnetism. 

After the success obtained by Kamerlingh Onnes 
in liquefying helium, the remaining programme con- 





sisted in making a systematic study of the physical 
properties of liquid helium. So Keesom started to 
study, with Wolfke, the dielectric constant of liquid 
helium. With Clusius, and later with his daughter 
Annie, he measured the specific heat of liquid helium. 
It is well known that those measurements led Keesom 
to the detection of the two phases of liquid helium, 
helium I and helium II. Just before 1926, Keesom 
had succeeded. in solidifying helium. Also, in his 
attempts to obtain still lower temperatures, Keesom, 
together with Gaede, succeeded in 1932 in reaching 
a temperature of 0-7°K. by pumping off liquid 
helium. During his systematic study of the specific 
heat of metals and in particular of superconducting 
metals, Keesom detected with Dr. Kok the jump 
in the specific heat of tin. 

Apart from his two famous discoveries, namely, 
the A-point of liquid helium and the jump in the 
specific heat of superconducting metals, Keesom and 
his collaborators carried out a lot of important work 
in the field of molecular physics. Thus I may mention 
his systematic work on van der Waals forces 
by means of measurements on the equation of 
state, the vapour pressure curve of helium, 
adsorption of gases, viscosity of gases and liquid 
helium, the structure of condensed and _ solidified 
gases, etc. 

To close his scientific career Keesom wrote his 
book ‘Helium’, which contains essentially a com- 
plete report of his life-work on helium in the three 
states. It is also necessary to mention the important 
part played by Keesom in the organization of the 
Institut International du Froid and in the preparation 
for its international meetings. His various collab- 
orators during those exciting times will remember 
the way in which he stimulated everybody to write 
their reports for those meetings. He liked to feel that 
the outside scientific world should be impressed by 
the work done at Leyden. 

The Second World War stopped Keesom abruptly 
in his scientific work. As a consequence of the tragic 
events of those times, Keesom began to suffer from 
neurasthenia, an illness which had attacked him 
earlier, after the death of his first wife. He retired 
from the University of Leyden in 1945. 

During recent years, Keesom had _ recovered 
intellectually and again found some interest in 
scientific problems, which he discussed with his son 
Piet, professor of physics in the University of Purdue, 
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who is continuing the systematic work of his father on 
the specific heat of metals. 

Keesom was known by his collaborators and 
friends as a severe but kindly director; he was 
always extremely helpful to young scientists and 
students. A. Van ITTERBEEK 


Brigadier J. A. Sinton, V.C., O.B.E., F.R.S. 


JoHN ALEXANDER Srnton, who died on March 25, 
was born in British Columbia, of Ulster parents, on 
December 2, 1884. He was educated at the Royal 
Belfast Academical Institution and at The Queen’s 
College, Belfast, where he was an exhibitioner. He 
graduated M.B., Ch.B., with first-class honours at 
the Royal University of Ireland in 1908, and after 
holding house appointments at the Royal Victoria 
Hospital, Belfast, became Riddell demonstrator in 
pathology at The Queen’s University and clinical 
pathologist to the Ulster Eye, Throat and Ear 
Hospital and to the Mater Infirmorum Hospital. In 
1911 he took the diploma of tropical medicine at 
Liverpool, and in the same year entered the Indian 
Medical Service. 

During the First World War, Sinton served as a 
regimental medical officer in Mesopotamia and was 
awarded the Victoria Cross for most conspicuous 
bravery and devotion to duty during an action at 
Sheikh Sa’ed in 1916. He also received the Russian 
Order of St. George, and was mentioned in dispatches 
on four occasions. He was promoted brevet major 
in 1919 and saw further active service in Afghanistan 
and Waziristan, being again mentioned twice in 
dispatches and being appointed O.B.E. in 1921. 

On reversion to civil employment in 1921, Sinton 
entered the Medical Research Department of the 
Indian Medical Service. He was in charge of the 
Quinine and Malaria Inquiry at Kasauli during 
1921-30 and was director of the Malaria Survey of 
India from its foundation until 1936. He returned 
to England in that year, and in 1937 became Manson 
Fellow of the London School of Hygiene and Tropical 
Medicine and adviser on malaria to the Ministry of 
Health. He also carried out researches in the Malaria 
Laboratory, Horton. On the outbreak of the Second 
World War he was recalled to duty and, after a 
brief period in India, became consultant malariologist 
successively to the East African Forces, the Middle 
East Forces and the War Office. He finally retired 
in 1945 with the honorary rank of brigadier and 
settled down on a country estate at Cookstown in 
Northern Ireland. He took an active part in public 
affairs, being a justice of the peace and high sheriff 
for Tyrone. 

Sinton’s activities covered a wide field, but were 
principally concerned with the study of malariology 
in its various aspects. His researches on the chemo- 
therapy of the disease were of outstanding importance 
and he also published a number of papers on its 
immunology, parasitology, laboratory and survey 
techniques and sociological effects. Among his other 
interests was the study of cutaneous leishmaniasis, 
on which he published several articles. He was also 
the author of a series of thirty-six papers on Indian 
species of Phlebotomus, on which he was a leading 
authority. 

Sinton was elected a Fellow of the Royal Society 
in 1946 and received a number of other honours. He 
was awarded the Arnott Memorial Medal of the 
Irish Medical Schools and Graduates Association in 
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1917; the Chalmers Memorial Medal of the Royal 
Society of Tropical Medicine and Hygiene in 1928 
the Bisset-Hawkins Medal of the Royal College of 
Physicians of London in 1944; the Robert Camphell 
Memorial Medal of the Ulster Medical Society in 
1946; the Mary Kingsley Medal of the Liverpool! 
School of Tropical Medicine in 1949; and the 
Manson Medal of the Royal Society of Tropical 
Medicine and Hygiene in 1956, an award which was 
announced only a few days before his death. 
Sinton was a man of boundless energy, high moral 
rectitude and outstanding personal charm. He never 
spared himself in any of his endeavours and was a 
source of inspiration to all who came in contact with 
him. He was buried with full military honours near 
his home in County Tyrone. G. CovELi 


Dr. A. G. Lowndes 


ASHLEY GORDON LOWNDES, who died on March 15 
at Falmouth after an attack of pneumonia, has left 
his mark on science in several ways. His passion for 
investigation produced some valuable researches 
and, perhaps even more important, it generated in 
others a love of the subject and a rigour of method 
that have been the basis of many successful investi- 
gations. He went to sea in the Merchant Navy at 
the age of thirteen, until he was twenty-six, when 
the curate of a church in Portsmouth, where Lowndes 
was taking a Sunday School, recognized his brilliance 
as a teacher. The curate’s father was the headmaster 
of Ardingley and he took Lowndes on to his staff. 
From there he went to Cambridge, where he was one 
of J. T. Saunders’s first pupils and obtained a ‘double 
first’ and a ‘swimming blue’. He joined the analytical 
staff of Nobel Industries as a chemist, and there his 
ideas led to several successful new processes. 

The next phase of Lowndes’s career was that 
Norwood took him to Marlborough as biology master, 
and it was here that he did his best work, both as 
teacher and investigator. He drove his pupils hard 
but gave them a real opportunity to see the fascina- 
tion of living things and the possibility of exact 
investigation of them. It must be more than an 
accident that so many of them have proved to be 
successful investigators and teachers. His simple 
belief in scientific and moral principles, single-minded 
love of the subject and directness of statement, 
provided a compelling appeal to boys and an excellent 
basis for life. 

Lowndes became interested at this time in Crus- 
tacea, and his series of papers on them are probably 
his best scientific work. He quickly mastered the 
systematics of the Entomostraca and contributed 
substantially to knowledge of freshwater copepods 
and ostracods. He would probably have been wise 
to concentrate on systematics, but it was character- 
istic of him to want to do more. By breeding 
experiments he showed that the superficially similar 
Leptocyclops speratus and agilis are unable to cross, 
although the various races of the latter do so freely. 
He then embarked on a study of locomotion and 
feeding, first in Chirocephalus, then in calanoids. He 
used elegant photographic techniques and obtained 
results that seemed to him unambiguous. But as he 
entered these experimental fields his aggressiveness 
led him into controversies of a type that often 
seemed unhappy; but were perhaps necessary for 
him. They became still more marked as he attacked 
more complicated problems, such as the mechanism 
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of flagellar movement and the density of aquatic 
organisms. In such matters he usually had much of 
right on his side, but his simple approach sometimes 
let him down. The value of his work was recognized 
by the award of the Cambridge Sc.D. 

He gave up his career at Marlborough to under- 
take research in a leper colony in West Africa, where 
he stayed for eighteen mqnths. When asked why he 
had left he replied, ‘“‘Well, it is obvious why the 
natives get leprosy and I told the authorities so, but 
they wouldn’t listen to me. Since we have stopped 
them eating each other the only protein they get is 
an occasional snake’’, 
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After this he taught in a number of schools, though 
never with quite the same success as at Marlborough. 
He declared that of all the nine headmasters he had 
served under none could hold a candle to Norwood. 
He continued investigations on various biological 
and geological subjects, receiving much hospitality 
from the Marine Biological Association at Plymouth. 

Lowndes carried always something of the sea about 
him, in his rolling gait, his simple directness and 
sharpness of observation. His influence will be felt 
by his pupils for more than one generation, and his 
contributions to knowledge of Crustacea may last 
even longer than that. J. Z. Youne 


NEWS and VIEWS 


Directorship of the British Scientific Instrument 


Research Association : 
Mr. A. J. Philpot, C.B.E. 


Mr. A. J. Puinror will retire in June from 
the directorship of the British Scientific Instrument 
Research Association, a post which he has held since 
1937. Mr. Philpot had a distinguished academic 
career at King’s College, London, and later, after 
active service in the First World War, at Cambridge 
in the Cavendish Laboratory under Lord Rutherford. 
In 1920 he joined the staff of the British Scientific 
Instrument Research Association soon after its 
foundation as the first of the co-operative industrial 
research associations to be established. As senior 
physicist of the Association he accomplished a large 
amount of experimental work, the results being 
recorded in publications and twenty-one research 
reports on subjects as varied as X-ray tubes, the 
stability of glasses, luminous compounds, thermo- 
meter liquids and the deposition by volatilization of 
reflecting surfaces on glass. In 1937 Mr. Philpot was 
appointed director of research and secretary of the 
Association, in succession to Dr. Harry Moore, and 
soon his responsibilities were greatly enlarged by 
the Second World War. -In 1943 he was appointed 
chairman of the new Inter-Service Optical Instru- 
ment Committee which did vital co-ordinating work. 
Though the laboratories of the Association, in Russell 
Square, London, were damaged by a bomb, many 
firms new to instrument manufacture were helped 
to master the problems of design and production, 
and the end of the War found the Association with 
a greatly inereased membership but quite inadequate 
laboratory space. New premises were found on the 
outskirts of London, new departments were estab- 
lished and new staff engaged, and Mr. Philpot found 
himself director of an organization which had multi- 
plied its size by five in a couple of years. At the 
same time, he undertook new duties, being for a 
number of years director of the Scientific Instrument 
Manufacturers’ Association, the trade association of 
the industry. Mr. Philpot has played an active part 
in the affairs of scientific societies concerned with 
physics and instruments, and has been vice-president 
and treasurer of the Physical Society, vice-president 
of the Institute of Physics, and vice-president of the 
Society of Instrument Technology. 


Dr. J. Thomson 


Dr. J. THomson, who will succeed Mr. Philpot, is 
& graduate of the University of Glasgow, being 





awarded the Kelvin Medal of the University in 1932 
for research in mathematical and experimental 
physics. He lectured in physics at the Universities 
of Reading and Glasgow until the end of 1939, when 
he joined the Admiralty Signal School at Ports- 
mouth. During the Second World War he was 
engaged in research on microwave devices, and his 
work included service with a Royal Marine Com- 
mando Unit throughout the German campaign. 
After the War he was appointed professor of physics 
and electrical engineering in the Royal Naval College, 
Greenwich, and later he became the deputy director 
of physical research (C.V.D.) at the Admiralty with 
responsibility for research and development in the 
field of electronic valves on behalf of the three Armed 
Services. Last year he also undertook the editorship 
of the new Journal of Electronics. His published 
work includes three books and many research papers. 


Presidency of the Society of Glass Technology : 
Dr. J. H. Partridge 


At the annual general meeting of the Society of 
Glass Technology, held in Sheffield on April 25, Dr. 
J. H. Partridge was elected president, in succession 
to Sir Graham Cunningham, who has retired after 
serving for two years. Dr. Partridge graduated in 
metallurgy from the University of Birmingham in 
1924, and four years later joined the Research 
Laboratories of the General Electric Co., Ltd.; he 
is now head of the Company’s Glass, Refractories 
and Ceramics Department. He has published more 
than thirty papers on studies relating to metals, 
glass and refractories and is the author of “‘Refractory 
Blocks for Glass Tank Furnaces’ (1933) and ‘‘Glass- 
to-Metal Seals” (1947). Dr. Partridge has been a 
vice-president of the Society of Glass Technology and 
was honorary general secretary during 1946-49. 


New Foreign Members of the Royal Society 


Tue following have been elected foreign members 
of the Royal Society: Kai Ulric Linderstrom-Lang 
(Copenhagen), distinguished for his contribution to 
protein chemistry and for his pioneer development of 
ultra micro-techniques for the biochemical study of 
the localization of enzymes in tissue cells; Hans 
Pettersson (Géteborg), distinguished for his researches 
in oceanography ; Robert Burns Woodward (Cam- 
bridge, U.S.A.), distinguished for his investigations 
in organic chemistry, especially on the synthesis of 
important natural products such as quinine, cortisone 
and antibiotics; Fritz Zernike (Gréningen), dis- 
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tinguished for his researches in phase-contrast 
microscopy. 


Royal Society Delegation to Moscow 


At the invitation of the Academy of Sciences of 
the U.S.S.R., the Royal Society is sending a dele- 
gation to Moscow under the auspices of the Soviet 
Relations Committee of the British Council. The 
delegation will leave on May 18 and will spend a 
fortnight in the U.S.S.R. visiting scientific institu- 
tions. Lord Adrian, the immediate past-president 
of the Royal Society, will lead the delegation, 
and other members are: Lady Adrian; Dr. H. G. 
Thornton, foreign secretary of the Royal Society and 
head of the Department of Soil Microbiology at 
Rothamsted Experimental Station; Miss M. L. 
Cartwright, mistress of Girton College, Cambridge ; 
Prof. J. H. Gaddum, professor of pharmacology in 
the University of Edinburgh ; Prof. J. M. Robertson, 
professor of chemistry and head of the Chemical 
Laboratories of the University of Glasgow ; Prof. M. 
Stacey, professor of chemistry in the University of 
Birmingham; and Dr. D. C. Martin, assistant 
secretary of the Royal Society. 


Merck Institute for Therapeutic Research 


THE facilities and staff of the Merck Institute for 
Therapeutic Research have been approximately 
doubled recently by the incorporation of several 
research groups at West Point, Pa., which were 
formerly part of the Sharp and Dohme Division of 
Merck and Co., Inc. There is now a staff of more 
than three hundred, sixty-five of whom hold M.D. or 
Ph.D. degrees. The Merck Institute, which was 
founded in 1933, is a separately incorporated organ- 
ization of Merck and Co., Inc., its function being to 
investigate the biological properties of new drugs and 
chemicals and to conduct fundamental research in 
the medical and veterinary sciences. Besides its 
laboratories at Rahway, N.J., and West Point, Pa., 
it also has Branchburg Farm, a two-hundred acre 
experimental farm at North Branch, N.J. Dr. L. 
Earle Arnow, formerly vice-president and director of 
research of the Sharp and Dohme Division, has been 
appointed executive director of the Merck Institute 
and will direct all the activities of the various branches 
of the Institute. Dr. Hans Molitor, director of the 
Institute since its founding in 1933, has been elected 
chairman of the board of trustees of the Institute in 
succession to George W. Merck, and at the same time 
has been appointed director of scientific relations of 
the Merck Sharp and Dohme Research Laboratories, 
with the responsibility for the development of 
relations with investigators in the United States and 
abroad. Other appointments in the Institute are as 
follows: Dr. Harry J. Robinson, formerly associate 
director, to be director of the Rahway unit; and 
Dr. Karl H. Beyer, formerly head of pharmacological 
research at Sharp and Dohme, to be director of the 
West Point unit. 


Statistics of Scientific Workers and Technologists 
in Britain 


In reply to a question in the House of Commons 
on April 18, the Secretary of State for Air said that 
about 7,500 graduate scientists and technologists 
of equivalent standing are employed in a civilian 
capacity in defence establishments in Britain, and 
about 3,000 men with such qualifications are doing 
National Service. The number of officers and men in 
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all three Armed Services with scientific qualifications 
of this standard is not readily available. In reply to 
a further question on April 19, the Financial Secretary 
to the Treasury, Mr. H. Brooke, stated that it is not 
possible to give an estimate of the proportion of 
science graduates who, on leaving college, take up 
work in defence and civilian organizations, respect- 
ively. The only information is derived from returns 
by university authorities, which are not compre- 
hensive and do not distinguish between work in 
defence organizations and in civilian organizations. 
Asked for an assurance that no part of the proposed 
£100 million savings in government expenditure 
would be made at the expense of technological 
education, Mr. Brooke said that the Government 
attaches the highest’ importance to increasing the 
numbers of scientific and technological graduates from 
the universities. 

In a written answer on April 13, the Chancellor of 
the Exchequer gave the number of university students 
taking first degrees and diplomas in pure science 
during 1954-55 as 5,304. Of these, 2,226 were pass 
degrees and diplomas, and 558 general honours 
degrees ; honours degrees in mathematics were 504 ; in 
biological sciences, 380; chemistry, 917; physics, 
597; and in geology and related sciences, 122. For 
technology, the figures were: pass degrees and 
diplomas, 1,912 ; honours degrees in civil engineering 
and building, 215; chemical technology, 123; 
mechanical and aeronautical engineering, 191; elec- 
trical engineering and electronics, 158; mining, 52; 
metallurgical engineering and metallurgy, 114; 
general engineering, 364; other technologies, 36; 
and architecture, 56. 


National Reference Library Plans 


Tue Chancellor of the Exchequer was questioned 
again in the House of Commons on April 24 about 
the funds he proposed to make available for the 
establishment of a National Reference Library of 
Science and a Lending Library. Mr. Macmillan 
said in reply that he is making £2,500 available 
during the current year for the purchase and binding 
of scientific periodicals as a beginning to the Lending 
Library, and that £10,350 has been included in the 
estimates for the purchase of books and periodicals 
for the Patent Office Library. This Library will 
eventually form the basis for the National Reference 
Library, but Mr. Macmillan declined to add anything 
to Mr. Bevin’s statement on November 1 as regards 
capital expenditure. The proposals of the Advisory 
Council on Scientific Policy are still being considered. 
In a written answer on April 20, the cost of the new 
National Library in Bloomsbury was estimated as 
about £10 million. 


Scientific Research in British Universities, 1954-55 
Tue Department of Scientific and Industrial 


Research has prepared a volume, “Scientific Research | 














in British Universities, 1954—55”, which provides brief | 


notes indicating the scientific research in progress in 
British universities and university colleges during 
the academic year 1954-55 (pp. 572. London: 
H.M.S.O., 1955; 12s. 6d. net or 2.25 dollars). The 
material has been collected by the British Council 
from the heads of departments of the university 
institutions concerned and is issued by the Depart- 


ment of Scientific and Industrial Research with the 1 
agreement of the Agricultural and Medical Research | 


Councils. Entries are limited to permanent members 


of the staff normally engaged in supervising research. | 
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As in previous issues, entries are arranged alpha- 
betically first by universities, and then under the 
university by departments. There are a name list 
and an alphabetical subject index to research pro- 
grammes. Although some major institutions have 
supplied no information, this is a formidable volume 
running to nearly six hundred pages. 


Nuclear Engineering 

Tue Temple Press is to be congratulated on the 
high quality of the first number of its new publication, 
Nuclear Engineering (1, No. 1; April 1956; 3s. 6d. 
per copy, annual subscription 42s.). This journal 
should appeal not only to qualified engineers engaged 
in the design of nuclear reactors, but also to those 
interested in the uses of radioactive isotopes, or in 
the instrumentation associated with these two topics. 
Of the fourteen articles, five give details of particular 
reactors, one outlines the Central Electricity Auth- 
ority’s plans for the generation of electrical power by 
nuclear fuel, two deal with the production, transport 
and disposal of radioactive isotopes, and one with 
instrumentation. The remaining articles discuss the 
training of nuclear engineers, the Harwell Reactor 
School, the structure of the United Kingdom Atomic 
Energy Authority and the development of glandless 
pumps. The final article is ‘An Introduction to 
Nuclear Energy’. An interesting section of this 
journal, and one which will be a regular feature, 
includes editorial comments, news items, both from 
home and from abroad, of interest to those connected 
with nuclear engineering, trade events and develop- 
ments, and personalia. There are also abstracts of 
technical papers and a section dealing with processes 
and equipment, both of which should assist many 
who find difficulty in keeping abreast of the very 
rapid development of this field. Advertisements from 
nearly one hundred advertisers show the very large 
part that industry is now playing in the development 
of nuclear energy in Britain. Finally, the Temple 
Press shows its awareness of the necessity for training 
nuclear engineers to a high standard by its announce- 
ment of a postgraduate scholarship, tenable at any 
British university, for studies directed towards the 
engineering aspects of nuclear energy. 


New Form of Science Abstracts 


COMMENCING with the January issues (Vol. 59), both 
Physics Abstracts and Electrical Engineering Abstracts, 
Sections A and B, respectively, of Science Abstracts, 
appear in @ completely new form. The page size 
has been increased to 11 in. x 8} in., and the text 
is printed by photolithography from typewritten 
material, the whole of the typing and mounting being 
done in the office of Science Abstracts. The adoption 
of this new method has long been contemplated, not 
only because of the increasing cost of good letter- 
press printing, but also because it is technically 
better suited to the production of a periodical like 
Science Abstracts than the orthodox methods of 
printing. The abstracts are typed and corrected for 
press, arranged in order for the monthly issue and 
the papers made-up by pasting the abstracts into 
position. Once the pages have been photographed, 
no further proof-reading is necessary. Fresh items 
can be included up to a very late stage in the process. 
This method, which is not possible with ordinary 
metal-type printing, saves considerable time, and it is 
hoped, also, that there will eventually be considerable 
advantage in the publication of the annual indexes, 
by the development of new methods of assembling 
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and reproducing the entries. Though the new form 
cannot equal the standard of good letterpress print- 
ing, by the use of semi-automatic electric typewriters 
a high standard of appearance, clarity and legibility 
is achieved. The increased page-size allows a longer 
line to be used. Apart from the increased page size 
and the new method of printing, no other change 
has been made in the preparation of the abstracts, 
and the contents, classification and indexing follow 
the accustomed pattern. Each abstract is given its 
appropriate Universal Decimal Classification number 
and headed by the English title of the article, the 
authors’ names and the location of the article, 
together with a statement of the language, if foreign. 
The length of the article is also indicated. 


Daedalus : a Journal of the American Academy of 
Arts and Sciences 


THE journal which in the future will appear under 
the title of Daedalus (86, No. 1; 1955) is, in fact, the 
continuation of the Proceedings of the American 
Academy of Arts and Sciences, the volume serial 
numbers of the Proceedings being continued. The 
charter of incorporation granted to the American 
Academy of Arts and Sciences by the Massachusetts 
Legislature in 1780 summarized the purpose of the 
Academy as being “‘to cultivate every art and science 
which may tend to advance the interest, honor, 
dignity, and happiness of a free, independent, and 
virtuous people”. The new Daedalus does not aim at 
popularization, but it hopes to attract the interest of 
all classes of scholars. In the experimental stages, it 
will appear at irregular intervals, with not less than 
two issues in each calendar year, but eventually it is 
hoped that regular quarterly numbers may become 
possible. The present number includes articles on 
Daedalus; a catalogue of H (II) Regions in the 
Milky Way; physical problems of photosynthesis ; 
Count Rumford on photosynthesis; publishing the 
papers of great men; and art as the function of an 
audience. 


Centre International d’Epistémologie génétique 
As a result of a grant from the Rockefeller Founda- 
tion, the Centre International d’Epistémologie génét- 
ique was recently established in the Faculty of Science, 
University of Geneva, under the direction of Prof. 
Jean Piaget. The Centre, which was opened on 
October 1, 1955, is an interdisciplinary one, and is 
closely asssociated with the Department of Psycho- 
logy, University of Geneva. It consists of a team of 
research workers (from the logico-mathematical, 
natural and psychological sciences) interested in the 
experimental and theoretical study of developmental 
behaviour. Its members are L. Apostel (logic and 
axiomatization in behavioural science), B. Inhelder 
(child development), B. Mandelbrot (language, 
decision theory and information theory), W. Mays 
(logical machines and cybernetic models), A. Morf 
(research on mental development of logical reason- 
ing), J. Piaget (genetic psychology) and J. Rutsch- 
mann (genetical evolution of perception and physio- 
logical mechanisms). The general topic of study for 
the present year is the relation between logical 
structures and the behaviour and thought of the 
subject in his development. A guest symposium on 
this topic will be held in July next, when the first 
publication of the Centre will also appear. Inquiries 
and correspondence should be addressed to the acting 
secretary, Mlle. S. Taponier, Centre International 
d’Epistémologie génétique, Geneva 14. 





830 NATURE 


Science Museum Classified Lists of Historical 
Events 


A VALUABLE new series of inexpensive pamphlets, 
under the general title of “Classified Lists of Historical 
Events”, has been issued by the Science} Museum, 
London, the first being on ‘‘Mechanical and Electrical 
Engineering, including Energy Conversion, Trans- 
mission and Storage; Atomic Energy; Pumping, 
Blowing and Compressing Machinery ; Explosives 
and Ordnance”, compiled by G. F. Westcott. (pp. 40. 
London: H.M.S.O., 1955; 2s. net). The lists con- 
tain the dates of the principal scientific discoveries 
and their authors, from the earliest times to the 
present day. The references are naturally very much 
fuller for the past hundred years than for earlier 
ones. The compiler has had to contend with a most 
difficult problem of selection and classification, and 
it would be only too easy to disagree with the items 
chosen for mention or omission in a particular list. 
It is satisfactory that experimental and development 
work is not allowed to take entire precedence over 
analytical and theoretical work, and it is also good 
to see that, for the most part, the events noted are 
the successful applications rather than the suggestions 
that never came to commercial fruition. The com- 
piler requests ideas for improvement, and one such 
suggestion is that two indexes should be added: a 
name index and a subject index, giving against each 
entry the dates on which the person or object is 
mentioned. This would be a great asset to the use 
of these lists; it would not be too formidable to 
compile, and would not require alteration in sub- 
sequent editions. 


New Germanium Phototransistor 


THE introduction by Mullard, Ltd., of a germanium 
phototransistor, type OCP71, which is similar in form 
to a conventional low-power junction transistor, opens 
up new possibilities for compact, inexpensive, light- 
operated devices. The phototransistor is sufficiently 
sensitive to operate a relay of normal type directly. 
It is of the p-n-p alloy type, and for most applica- 
tions the base is left floating so that only two con- 
nexions to the phototransistor are required. The 
dark current at 25°C. is less than 300 uamp., while 
the light current, for a sensitive area of 7 sq. mm., 
can be of the order of 4 m.amp. The spectral response 
ranges from the visible into the infra-red region, with 
a peak at 1-55 and a cut-off at 2u. The photo- 
transistor is not suitable for use above 40° C., and 
the optical cut-off frequency (that is, the maximum 
frequency of response when the light source is chopped 
or otherwise interrupted) is in the region of 3 kc./s. 
The overall size, including the glass envelope, is 
15 mm., and its small size, together with its low 
voltage operation and other characteristics, make it 
particularly suitable for tape and punched-card 
reading in addition to most industrial control applica- 
tions such as photoelectric counters, speed measure- 
ment, liquid-level controls, edge detection in paper- 
making and textiles, etc., and burglar alarms. 


Oil in the Karroo Series, South Africa 


CoMMERCIAL oil developments in the Union of 
South Africa have often been mooted in the past, 
especially in the Karroo rocks; but it has hitherto 
proved to be;misguided optimism. Memoir 45 of the 
Geological Survey (pp. 130. Pretoria: Department 
of Mines, 1953; 10s.), which has only recently been 
received, gives results of a comprehensive field- 
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examination of oil possibilities in this series. ‘The 
conclusion is reached that results rule out the areas 
mapped as likely sources of petroleum. The main 
evidence of possible occurrence of oil in south rn 
Karroo is the presence of ‘pseudocoal’, a solid product 
apparently derived from hydrocarbon distillation at 
a temperature not more than 400° C., found in joints 
and veins in sediments. But pseudocoal is as elusive 
a surface indication as crude oil is itself in the Union, 
When it is categorically stated that “it is hoped that 
the present description of the results obtained by 
the State will discourage future waste of private 
money and energy that could be diverted to more 
profitable uses’’, then it would appear that the swan. 
song of Karroo oil has at long last been realized. 


Latex of Apocynaceae 


A COMPREHENSIVE study has been made by J. van 
Die of some aspects of latex-particle formation in 
species of the order Apocynaceae (Ann. Bogorienses, 
2, 1, 1-214; 1955). The latex-coagulate, comprising 
all the particulate matter in a latex, has been 
analysed in some forty species of about twenty-five 
genera. Like latex-coagulates in general, these latices 
have been found to contain only a few types of 
compounds, these being closely related chemo- 
genetically, such as the polyisoprene hydrocarbons 
(rubber and gutta), triterpenes and fatty acids, which 
all appear to be built up enzymically from acetate 
carbon via acetoacetate. Little is known about the 
origin of cinnamic acid, which is found occasionally 
in latex-coagulates. Since the particles may represent 
some 40-90 per cent of the constituents of dry latex, 
it is inferred that their formation is quantitatively 
one of the most important functions of the latex 
cell. The composition of the coagulate varies little 
from one part of a plant to another, and this is also 
true for the average degree of polymerization of the 
polyisoprene. Only cis-polyisoprene (rubber) has 
been found in the plants examined. The acetone- 
soluble substances of the latex-coagulates have been 
analysed by column chromatography. They consist 
in all cases of triterpenyl esters and triterpenols. 
Digitonin-precipitable compounds were never found, 
so that phytosterols form less than 1-2 per cent of 
the unsaponifiable substances present. From the 
analyses it is concluded that acetate carbon is the 
precursor of the particles. They are built up by the 
particle-forming centres into polyisoprene, triter- 
penols and fatty acids. In some cases, latex-particle 
compositions can serve as an indication of the 
systematic relationships of species and forms which 
are difficult to distinguish morphologically (for 
example, Plumiera), but, generally speaking, they 
cannot be used for tracing connexions between 
individual genera. 


National Research Council, Canada: Members 


Tue following have been appointed new members 
of the National Research Council, Canada, for three 
years from April 1: Prof. I. McT. Cowan, professor 
and head of the Department of Zoology, University 
of British Columbia, Vancouver; Prof. J. H. L. 
Johnstone, head of the Department of Physics and 
dean of the Faculty of Graduate Studies, Dalhou=’ 
University, Halifax ; Prof. R. B. Miller, professor 
zoology in the University of Alberta, Edmonton ; 
and Prof. B. W. Sargent, professor and head of the 
Department of Physics, Queen’s University, King- 
ston. Two other members have been reappointed for 
a further term of three years: Prof. R. F. Farquhar- 
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Medicine, University of Toronto; and Dr. David 
L. Thomson, vice-principal of McGill University, 
Montreal. 


Oversea Service Division, Colonial Office 


Tue following appointments have recently been 
made in the Oversea Service Division, Colonial Office : 
J. Cook (chief field officer, Federation of Malaya), 
director of agriculture, Sarawak; V. E. Gale (senior 
agricultural officer, Western Region, Nigeria), prin- 
cipal agricultural officer, Western Region, Nigeria ; 
J. R. G. Hadland (principal cocoa officer, Western 
Region, Nigeria), assistant director (cocoa), Western 
Region, Nigeria ; J. O. Torto (food production com- 
missioner, Gold Coast), deputy director of agriculture, 
Gold Coast; H. Vine (senior specialist officer, 
Federation of Nigeria), principal research officer 
(soils), Western Region, Nigeria; D. F. Davidson 
(senior assistant conservator of forests, Cyprus), con- 
servator of forests, Cyprus; J. A. D. Jackson 
(assistant conservator of forests, Northern Region, 
Nigeria), senior assistant conservator of forests, 
Northern Region, Nigeria; J. C. K. Mashall and 
F. S. Walker (conservators of forests, grade B, 
Federation of Malaya), conservators of forests, grade 
A, Federation of Malaya) ; H. G. Burks (metallurgist, 
Tanganyika), chief research officer, Geological Survey, 
Tanganyika ; A. R. Melville (senior research officer, 
Kenya), chief research officer, Agricultural Depart- 
ment, Kenya; J. M. Waterston (research adviser, 
Federation of Nigeria), director of agricultural re- 
search, Federation of Nigeria; M. J. Fitzpatrick 
(veterinary investigation officer, Northern Region, 
Nigeria), principal veterinary officer (research), 
Northern Region, Nigeria; R. D. Fotheringham 
(livestock officer, Northern Rhodesia), dairy and 
poultry officer, Northern Rhodesia; E. P. Rice 
(assistant director of veterinary services, Kenya), 
deputy director of veterinary services, Kenya; A. 
Angus, plant pathologist, Northern Rhodesia; M. 
Bigger, entomologist, Tanganyika; R. A. Fitton, 
agricultural officer, Gold Coast; W. A. Hope, 
specialist assistant, Northern Region, Nigeria; S. B. 
Boaler, assistant conservator of forests, Somaliland 
Protectorate ; G. H. Brister, assistant conservator of 
forests, Kenya; 8S. H. Inchbold-Stevens, assistant 
conservator of forests, Trinidad; U. L. 8S. Murthy, 
assistant conservator of forests, Sarawak; E. J. G. 
Swellengrebel and A. T. Vink, assistant conservators 
of forests, British Guiana ; W. W. Bishop, pleistocene 
geologist, Uganda; R. Bradshaw, specialist adviser 
(petrologist/geologist), British Guiana; J. Brazell, 
director, East African Meteorological Department, 
East Africa High Commission ; J. F. McCloy, senior 
scientific officer, East African Industrial Research 
Organization; F. B. Halpin, veterinary officer, 
Northern Region, Nigeria. 


Announcements 

Pror. D. Kerry, lately Quick professor of biology 
and director of the Molteno Institute, University of 
Cambridge, has received the degree of doctor of 
medicine honoris causa of the State University of 
Utrecht, on the occasion of the 320th anniversary 
celebrations of the University. 


Dr. R. N. BracEwet.1, formerly of the Division of 
Radiophysics, Commonwealth Scientific and Indus- 
trial Research Organization, Australia, has joined the 
Radio Propagation Laboratory of Stanford Univer- 


gon, professor and head of the Department of 
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sity, California, as associate professor of electrical 
engineering ; with support from the United States Air 
Force Office of Scientific Research, he is planning to 
obtain daily spectroheliograms at 9 cm. wave-length 
using a Mills cross-aerial with a cone of reception of 
10-* stereradians. 


THE fourth meeting of the General Fisheries Council 
for the Mediterranean will be held in Istanbul, during 
September 17-22. The member countries of the 
Council are Egypt, France, Great Britain, Greece, 
Israel, Italy, Monaco, Spain, Tunisia, Turkey and 
Yugoslavia, but other countries and international 
organizations can send observers. Those who wish 
to submit papers should write before May 15 to the 
Secretary, General Fisheries Council of the Mediter- 
ranean, Food and Agriculture Organization, Viale 
delle Terme di Caracalla, Rome. 


TuE Institute of Physics, in conjunction with the 
British Nuclear Energy Conference, has arranged a 
conference on ““The Physics of Nuclear Reactors’, 
to be held in London during July 3-6. The proceed- 
ings of the conference will be published as a supple- 
ment to the British Journal of Applied Physics. An 
allotment of places (without payment of conference 
fee) has been made to members of the other con- 
stituent bodies of the British Nuclear Energy Con- 
ference, namely, the Institutions of Civil, Mechanical, 
Electrical and Chemical Engineers. Application forms 
for the conference and further information can be 
obtained from the Secretary, Institute of Physics, 
47 Belgrave Square, London, S8.W.1. 


As part of the summer programme of the Massa- 
chusetts Institute of Technology, arranged by Prof. 
Ernest H. Huntress, director of the Institute’s 
Summer Session, a number of short courses will 
be held by the various Departments as follows : 
June 18-29, modern food technology; June 25— 
July 6, aerodynamic heating of aircraft structures in 
high-speed flight ; August 6-17, orbital and satellite 
vehicles in space flight; August 13-17, analogue- 
digital conversion techniques ; August 20-31, tropical 
hurricanes ; August 20-31, modern communication 
theory ; August 20-31, molecular engineering. Appli- 
cation forms for these courses and further information 
can be obtained from the Summer Session Office, 
Room 7-103, Massachusetts Institute of Technology, 
Cambridge 39, Mass. 


THe French National School for Geographical 
Sciences will hold a course during June 4—July 13 
on the theory and practice of aerial photogrammetry. 
The course, like those of previous years, is designed 
for non-French students wanting to familiarize them- 
selves with instruments and methods currently used 
in France. Lectures will be delivered in French, with 
explanations in English and Spanish for those not 
fluent in the French language. The fee for the course 
is 20,000 francs. Application should be made by 
May 15 to the Director, Ecole National des Sciences 
Géographiques, 2 Avenue Pasteur, Saint-Mandé 
(Seine), from whom further information can be 
obtained. 

THE proceedings of a symposium on cell secretion 
which took place in March 1955 at the Institute of 
Biology of the University of Minas Gerais, S. Paulo, 
have now been published. The volume has been 
edited by G. Schreiber, and inquiries for it should be 
sent to him at the Instituto de Biologia, Faculdade 
de Filosofia, Universidade de Minas Gerais, Belo 
Horizonte, Brazil. 
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NATIONAL SCIENCE FOUNDATION, WASHINGTON, D.C. 
REPORT FOR 1954-55 


HE fifth annual report of the National Science 

Foundation, Washington, D.C.*, covering the 
year ended June 30, 1955, includes a brief review of 
the operation of the Foundation during its first 
quinquennium, but otherwise follows the pattern of 
the fourth report. The report of the director, Dr. 
A. T. Waterman, is in two parts: the first discusses 
some current aspects of American science, such as 
the loyalty and security considerations which 
determine the Foundation’s grants for non-classified 
scientific research, the forthcoming International 
Geophysical Year, synthetic rubber research and 
development and the indirect costs of research sup- 
ported by Federal grant or contract at educational 
institutions ; the second reviews the work of the 
Foundation itself during the year. A foreword by 
Chester I. Barnard emphasizes the importance of 
leadership by the Federal Government not only in 
the financial sphere, but also in developing an 
adequate supply of scientists if science is to make its 
full contribution to the public welfare. Such leader- 
ship rather than direction is the Government’s 
function, and the need for co-ordination can be met 
best by fostering the collection of facts regarding all 
aspects of the scientific situation and facilitating 
communication between scientists and _ scientific 
institutions. Appendixes occupying almost half 
the report list the personnel of the Foundation’s 
Board and its advisory panels and committees, the 
basic research grants and fellowships awarded during 
the year, publications of the Foundation and the 
financial report. 

During the year ended June 30, 1955, the Founda- 
tion made 588 grants, totalling 7,857,395 dollars, to 
184 institutions for the support of basic research in 
the natural sciences. Of these, 275 (totalling 3,542,495 
dollars) were in the biological and medical sciences 
and 313 in the mathematical, physical and engineering 
sciences. During the period 1952-55 the Foundation 
has made 1,232 grants totalling 14,316,140 dollars in 
support of basic research in the natural sciences, and 
the present report stresses the special efforts of the 
Foundation to foster co-operative research with 
nuclear emulsions (for which purpose a second con- 
ference was sponsored at De Pauw University on 
March 30, 1955), research on the solid state, on high- 
speed computation and in geochemistry. Grants have 
been made for the assistance of biological field 
stations, and a limited programme of support of the 
social sciences was approved in August 1954. The 
programme is being administered within the frame- 
work of the Foundation’s three scientific divisions, 
using the criteria of science (that is, the identification, 
within the social disciplines, of those areas character- 
ized by the application of the methods and logic of 
science), national interest, convergence of the natural 
sciences and social sciences, and basic research. The 
Foundation has also established @ continuing pro- 
gramme for providing funds to medical schools for 
research stipends to medical students. 

In March 1955 the Foundation announced the 
award of 715 fellowships and 70 post-doctoral fellow- 
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ships for advanced study in the natural sciences for 
the year,1955-56. Of these, 225 were in the biological 
sciences, 183 in chemistry, 108 in engineering, 31 in 
the terrestrial sciences, 63 in mathematics and 175 
in physics and astronomy. A research programme 
on techniques for fellowship selection over the past 
three years has led to some modifications and sim- 
plifications in the methods used in selecting. Three 
further conferences on the role of physics in engin- 
eering education were held during the year under 
review, dealing with mechanics, with thermodynamics 
and with electricity and magnetism. The Foundation 
continued to sponsor a series of summer institutes for 
science teachers and instituted a survey of the 
educational and vocational attitudes of high-school 
leavers in an attempt to discover why talented youths 
often fail to continue education. The survey was able 
to arrive at an estimate of the numbers of those who 
wished to proceed to college but would be prevented 
from doing so. 

The Foundation is also extending its interest in 
the exchange of scientific information and is urging 
scientific societies to seek some permanent solution 
of their publishing difficulties and to undertake 
studies that will lead to a clearer understanding of 
the facts and problems of scientific publication. The 
Foundation is supporting the publication by the 
Science Division of the Library of Congress of com- 
prehensive lists of United States and Russian 
scientific serial publications as well as a list of the 
world’s biological serial publications, and also a study 
in the Technical Information Division of the Library 
of Congress to determine the extent to which 
information first available in unclassified government 
reports is afterwards published. Funds have been 
provided for bringing up to date the indexes for 
Biological Abstracts and for a thorough study of 
biological abstracting, and the Foundation is also 
attempting to promote fundamental research on 
methods of organizing information and on _ the 
feasibility of translation by machines. Continuing 
support was given to the translation and publication 
of an English edition of the Russian Journal of 
Experimental and Theoretical Physics and to the 
Scientific Translations Centre of the Library of Con- 
gress, and 132 scientists were given grants enabling 
them to attend twenty-nine different international 
scientific meetings. 

Including those already noted, the National Science 
Foundation sponsored, alone or jointly with other 
bodies, twenty-one conferences convened during the 
year to examine special areas of science, chiefly 
where adequate support was not available from 
industrial or other sources. They included an inter- 
national symposium on problems relating to arid 
lands, sponsored jointly with the American Associa- 
tion for the Advancement of Science, the United 
Nations Educational, Scientific and Cultural Organ- 
ization, and the University of New Mexico; con- 
ferences on the crust of the Earth, the anomalous 
magnetization of rocks, man’s role in changing the 
face of the Earth, the cosmic distance scale, and on 
genetic, psychological and hormonal factors in the 
regulation of patterns of sexual behaviour in mam- 
mals ; mathematical tables ; research in the history, 
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philosophy and sociology of science, the mechanics 
of sediment transport, radiocarbon dating, the 
evolution of behaviour, the theory of numbers, 
mathematical statistics and probability, problems of 
nuclear structure, molecular quantum mechanics 
and high-energy nuclear physics; the twentieth 
Cold Spring Harbor Symposium on Quantitative 
Biology, at which special emphasis was given on 
population genetics; and the fourteenth Growth 
Symposium of the Society for the Study of Develop- 
ment and Growth. Some 137 scientists from the 
United States and abroad were assisted to attend 
the Garden Research Conferences. 

Appropriations for services and equipment for the 
International Geophysical Year totalled 1,914,957 
dollars, and during the next fiscal year the Foundation 
plans to make a full evaluation of current basic 
research activities on synthetic rubber, the average 
annual expenditure on contract research, which at 
universities and other institutions during the quin- 
quennium ending June 30, 1955, exceeded 1,118,000 
dollars and at the government laboratory at Akron 
1,094,000 dollars. The Foundation assumed respons- 
ibility on July 1, 1955, for administering the Federal 
programme for basic research on synthetic rubber. 
At the request of the Bureau of the Budget the 
Foundation has also given special attention to the 
indirect costs of research supported by Federal grant 
or contract at educational institutions and 
recommended procedure for reimbursing such indirect 
costs where requested. Adoption of the policy is 
estimated to involve an additional cost to the Federal 
Government of not more than 8 million dollars, or 
2:3 per cent of the present Federal expenditure on 
research in such institutions. As regards the loyalty 
and security considerations in making grants for 
nor.-classified scientific research, Dr. Waterman 
affirms that the Foundation will not knowingly 
support anyone who is, by admission or conviction, 
disloyal to the United States; its grants will be 
made on the judgment of outstanding scientists in 
his field and of persons possessing personal knowledge 
of his cornpetence and integrity. 


RESEARCH IN SEMICONDUCTORS 


SYMPOSIUM AT OTTAWA 


A SYMPOSIUM on semiconductors took place 
during February 13-14 at the National Research 
Council Laboratories, Ottawa, at the invitation of 
the Low Temperature and Solid State Physics Group 
of the Division of Pure Physics ; the arrangements 
followed the lines of the symposium on melting 
reported in Nature of January 7. The chairmen 
were Dr. D. K. C. MacDonald and Dr. W. B. Lewis. 

When opening the meeting, Dr. MacDonald said 
that the subject of semiconductors was chosen 
because of widespread interest throughout Canadian 
universities and laboratories. The Low Temperature 
and Solid State Physics Group is specifically inter- 
ested in bulk properties, and is investigating magnetic 
susceptibility and the thermal and electrical con- 
ductivities, as well as the occurrence of semiconduct- 
ivity in intermetallic compounds ; but the scope of 
the meeting in general would be much wider. Later, 
Dr. Lewis said that quite apart from the revolution 
it has effected in electronics, research in semi- 
conductors may well provide a basis for a new 
statistical treatment of processes whereby energy is 
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stored and dispersed. In nuclear reactors, energy is 
produced initially in a very intense form, and dis- 
persed under conditions far from thermal equilibrium. 
The processes of dispersal and degradation of this 
energy, until it emerges as heat, seem to require a 
statistical approach which would be _ essentially 
different from the traditional equilibrium theories of 
thermodynamics and thermal fluctuations, and yet 
would to some extent take their place. 

In the first of two papers, R. E. Burgess (University 
of British Columbia) outlined the theory of statistical 
fluctuations of both the spatial and temporal dis- 
tributions of electrons among the energy-bands and 
-levels in a semiconductor ; these give rise to ‘patch’ 
effects and noise, respectively, and the theory can be 
compared with experiment. In his second paper, 
mathematical analysis of the characteristics of ger- 
manium point-contact diodes (showing voltage turn- 
over) was shown to lead to severe restrictions on 
conjectural models: possible mechanisms were dis- 
cussed, and in particular a model due originally to 
Gunn appeared to be consistent with these restrictions. 

W. B. Pearson (National Research Council, Ottawa) 
described briefly the concept of the semiconducting 
valence bond, which has proved fruitful both in 
accounting for known semiconductors and in pre- 
dicting new ones, and went on to discuss further 
aspects of bonding in semiconductors. G. F. Bolling 
and J. W. Rutter (University of Toronto) showed 
how both the grain structure and the distribution of 
impurities in solid germanium are affected by the 
way in which it is formed from the melt. This is 
important both for obtaining distributions required 
for electronic devices and for knowing how to avoid 
the formation of undesirable substructures in the 
solid. J. Sharma (National Research Council, Ottawa) 
described an experimental frequency analysis of the 
glow peaks obtained at different temperatures from 
luminescent alkali halides. The luminescence is 
caused by colour centres, and a provisional model 
was put forward to account for the spectra caused 
by different types of centre. Two chemists, D. M. J. 
Compton and T. C. Waddington (National Research 
Council, Ottawa), described experiments on the 
organic semiconductor anthracene, with various 
kinds of electrode, various impurities and under 
various conditions of illumination. Among properties 
measured have been the electrical conductivity, Hall 
effect and distribution of space-charge. Marked differ- 
ences in behaviour from typical inorganic semiconduc- 
tors require correspondingly different explanations. 

Other papers were given by J. H. Simpson 
(National Research Council, Ottawa) on the cal- 
culation of the ground-state of an F-centre; by J. 
Rolfe (National Research Council, Ottawa) on the 
design of high-frequency transistors; by Z. Szepesi 
(Canadian Marconi Co.) on the similarity in electrical 
characteristics between condensed layers and single 
crystals of cadmium sulphide; by F. T. Hedgecock 
(National Research Council, Ottawa) on the mag- 
netic properties of very dilute germanium alloys 
down to 8° K.; by R. P. Singh (National Research 
Council, Ottawa) on the functions developed by 
Wannier for use in the theory of a perturbed lattice ; 
and by A. O. Barut (University of Montreal) on the 
conditions needed for a rigorous quantum statistical 
derivation of thermodynamics. 

An informal report of the proceedings is being 
prepared, similar to that produced for the previous 
symposium on melting and diffusion. 

T. H. K. Barron 
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TAYLOR, TAYLOR AND HOBSON, LTD., LEICESTER 
SEVENTIETH ANNIVERSARY 


HE firm of Taylor, Taylor and Hobson, Ltd., 

which has long enjoyed an international reputa- 
tion in the field of photographic and engineering 
optics and in precision testing and gauging, celebrated 
the seventieth anniversary of its founding on April 12 
by inviting some ninety guests, representing govern- 
ment departments, research and trade associations, 
learned bodies, and suppliers to and customers of 
the firm, to attend a lunch at the Grand Hotel, 
Leicester, and to visit its works to view an exhibition 
representative of its range of products and to see 
demonstrated the processes of their manufacture, 
assembly and testing. At the luncheon, Mr. Mark H. 
Taylor, the managing director, gave a brief account 
of the history and work of the firm, some personalities 
associated with it and its relations with its customers. 
Other speakers were Mr. H. P. Potts, president of 
the Machine Tool Trades Association, Mr. A. J. 
Philpot, director of the British Scientific Instrument 
Research Association, and Sir William Palmer, vice- 
chairman of Rank Precision Industries, Ltd.,. of 
which organization Taylor, Taylor and Hobson, Ltd., 
is now @ constituent company. 

The visit to the works was designed to give a 
cross-section of the manifold activities of the firm 
at the present time, which afford a fine example 
of the ramifications that can result quite logically 
from developments of an initially limited field of 
activity. The firm was started in 1886 when the 
brothers T. S. and W. Taylor, both products of the 
Finsbury Technical College (now the Northampton 
Polytechnic, London), set up in business in Leicester ; 
the former had been apprenticed to R. and J. Beck, 
Ltd., and the latter trained as an electrical engineer, 
and they described themselves as “Engineers and 
Manufacturers of Optical, Electrical and Scientific 
Instruments”. Their principal activity was the 
making of high-quality lenses of conventional 
type. Shortly afterwards they were joined by W. S. 
Hobson, who concerned himself principally with 
sales. 

For the first few years it would seem that little 
more was achieved than a reputation for fine work- 
manship (an interesting exhibit was what is presumed 
to be the first balance sheet showing each of the two 
brothers as having assets of approximately £240 after 
the first year of trading), and it was the securing in 
1893 of the sole rights of manufacture of the famous 
Cooke photographic lens which really launched the 
firm on its successful course. It placed the company 
(it became a private limited company in 1901) in the 
forefront of the photographic optical industry, and 
this, of course, has been one of its most important 
activities ever since. Photography in the 1890's 
meant little more than portrait and landscape photo- 
graphy and a limited number of specialized processes ; 
but the present century has seen many highly 
specialized needs created, and Taylor, Taylor and 
Hobson have played a leading part in meeting many 
of them. Cinematography called for large-aperture 
short-focus lenses of very high quality. Sound films 
demanded even faster lenses, as noisy arc-lamps had 
to be replaced by the photographically less satis- 
factory incandescent lamps, and the company’s 
‘Speed Panchro’ F/2 lens already developed by it 
met this need immediately. The ‘Technicolor’ pro- 


cess, requiring simultaneous registration of three 
colours by one lens, made further new demands which 
were successfully met by the company, while wice- 
screen cinematography, with its horizontal com- 
pression of the photographic image, the proper 
proportions being restored in the process of projection, 
called for anamorphic lenses and resulted in the 
company’s ‘Varamorph’ attachment to cope with thie 
different amounts of distortion used in the varicvis 
wide-screen processes. Aerial reconnaissance photo- 
graphy and television in turn also presented their 
own peculiar problems, the former giving rise to tlie 
Taylor, Taylor and Hobson ‘Aviar’ lens (developed 
during the First World War) and the latter to the 
‘Varital’ variable-focus lens which permits of rapid 
change from ‘close-up’ to ‘distance’ without change 
of intensity over a fixed focal plane. Examples of 
most of these products were exhibited at the com- 
pany’s works.- In connexion with these purely optical 
developments, it does not seem unfair to single out 
for special mention the part played by Mr. Arthur 
Warmisham, director of research for the company 
during 1922-55, who retired last year after forty- 
three years of service. 

This represents only one side of the company’s 
activities. Very early on, the necessity for replacing 
the tedious hand-engraving of the necessary data on 
lens-mounts by something more efficient led to the 
development by W. Taylor of the now world-famous 
Taylor, Taylor and Hobson engraving machine and 
brought the company into the field of machine tool 
manufacture. Irritation at the lack of standardization 
and non-interchangeability of parts led him to a close 
examination of the standards and means of precise 
measurements of screw threads and to the devising 
of methods of making screw threads accurate to 
prescribed limits. This resulted in the development 
of the thread chasing lathe and the enunciation of 
the “Taylor principle’: “For a limit gauging system 
to be effective the ‘go’ gauge should measure the 
elements concurrently, while the ‘not-go’ gauge 
should measure them independently’’. It is a pleasing 
tribute to W. Taylor’s abilities that he was elected 
to the Royal Society in 1934. 

The precision needed in the manufacture of optical 
products necessitated precision methods for testing 
and gave rise to another important activity, namely, 
the design and production of instruments for precision 
testing and gauging, which have found application 
not merely in optical workshops but also in engineer- 
ing generally. Many examples of these were exhibited 
by the company. They fall mainly into two cate- 
gories, optical and electro-mechanical. Among the 
former may be mentioned the Taylor Hobson turbine- 
blade projector and turbine-blade-edge microscope 
for viewing sections of turbine blades and examining 
their leading and trailing edges ; and also the micro- 
alignment telescope, now extensively used in the 
aircraft industry and elsewhere for the alignment 
over large distances of salient points, lines and planes. 
In the second category there are notably the ‘Taly- 
surf’ instrument for the measurement of surface 
finish and the ‘Talyrond’ for measurement of errors 
in surfaces of nominally circular section. These 
depend on the surface inequalities being transmitted 
by a diamond stylus to a self-inductance to cause 
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modulations of a high-frequency carrier, the results 
being recorded on a moving tape or sheet. Also on 
view were samples showing a fairly new activity of 
the company, namely, the production by the Bridge- 
man process of large single crystals of the alkali 
halides for the manufacture of windows, prisms, etc., 
for infra-red equipment. Potassium bromide crystals 
up to nine inches in diameter were shown. 

A small historical section was of great interest. It 
ranged from some early examples of brass-mounted, 
hand-engraved lenses to articles produced for the 
War Office during the two World Wars, and included 
a resplendent ‘magic lantern’ of the polished 
mahogany, lacquered brass era; an early model of 
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the engraving machine (treadle operated); and a 
series of moulds for producing pits on the surfaces of 
golf balls resulting from W. Taylor’s investigations 
into the conditions needed to produce a straight 
flight of the ball. 

This account gives only a very rough survey of the 
wide range of equipment and processes shown by the 
company on this anniversary, but it gives some idea 
of its achievements in the fields it has set out to 
serve. It is interesting to note that the direction of 
the company is now, after seventy years, in the hands 
of only the second generation, for the present 
managing director, Mr. Mark H. Taylor, is the son 
of the original T. 8. Taylor. 


MUSCLE CONTRACTION IN AN INSECT 


A Technique for recording Muscle 
Contractions in an Insect on a Kymograph 


M*s Y insect muscles are capable of very fast 
contractions, but it appears that very little 
work is performed by these contractions. This 
situation causes some characteristic difficulties in 
recording them on a kymograph. These difficulties 
have now been overcome in the case of the muscles 
of the coxo-trochanteral joint in Periplaneta amer- 
icana. The method devised may prove to be 
applicable elsewhere. 

It was proposed to study the muscles of the coxo- 
trochanteral joint, which are situated in the coxa 
(and partly in the pre-coxa). They either stretch or 
bend the leg at this joint, thus levating or depressing 
the femur, the latter being nearly immovably con- 
nected with the trochanter. Therefore, each move- 
ment of the femur may be regarded as a reliable 
indicator of the activity of the corresponding muscles 
in the coxa. The recording of these movements on a 
kymograph, however, is not @ simple question. 

The first difficulty is to attach a sufficiently light 
but stiff writing lever to the femur. Its weight 
should preferably be of the order of that of the femur, 
tibia, pre-tarsus and tarsus together, amounting to 
about 7 mgm. Finally, a special writer, weighing about 
1l mgm., was designed. It could be inserted into 
the remaining half of the femur after the other half 
(including the distal parts of the leg) had been cut 








Fig. 1. (A) Second thoracic leg with inserted writer ; (B) kymo- 
graph; (C) dissection microscope; (D) and (D’) micromanipulator 
n two different positions 





Fig. 2. Myograms of muscle 136 + 137. (A) Three se te 
twitches at 6 cycles/sec.; (B) twitches partially fused at er 
frequency 


away. Thus a solid ‘artificial leg’ is formed, which 
very soon sticks to the inner wall of the chitinous 
‘tube’ as a result of drying hemolymph and tissues. 

The smoked kymograph paper offers so much fric- 
tion to an ordinary recording pin that the insect leg 
cannot overcome it. For this reason a special writer 
with a free moving needle was designed (Fig. 1A). 
The kymograph was put in a horizontal position, the 
needle being held in a vertical position. In this way 
the friction became very small, as it was only caused 
by the weight of the needle. This detail proved also 
very useful, because it eliminates the difficulties of 
recording due to the disturbing influence of small 
vertical leg movements. 

The moving leg can draw an arc of a circle of 
about 120° maximum size. Therefore, a cylindrical 
kymograph cannot be used. The part of the paper 
on which the records are being made must be a plane 
(Fig. 1B). 

As it is necessary to place stimulating electrodes 
on the nerves, the insect is pinned on its back in a 
fixed position. Under the dissection microscope, the 
electrodes are brought into place by means of a 
micromanipulator. Thereafter the whole complex of 
preparation, electrodes and micromanipulator can be 
handled as one rigid unit. This is achieved by the 
use of a big ball-and-socket joint and some other 
screws and hinges of secondary importance. It is 
turned upside-down and the leg can easily be put in 
a@ horizontal position and adjusted to the paper 
(Fig. 1D, D’). 

From Fig. 2 it can be seen that the method described 
enables the isotonic recording of very fast contractions 
of frequencies up to at least 24 cycles/sec. It should be 
noted that neither the heights (h) of the records nor 
the lengths of the arcs (a) are proportional to the 
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actual contractions. In most cases, however, this is 
irrelevant, as only qualitative information is required. 
If small contractions are considered, of course, this 
proportionality may be a good approximation. 

The question may be raised whether the method 


is really suitable for an analysis of the functions of 


the distinct muscles in the coxa. For it is inevitable 
that muscles which are not under consideration in a 
given experiment still play a part in the result, just 
because they are present. Denervated muscles may 
still influence the records because of their elastic 
properties, and it is even conceivable that muscles 
which have been intentionally separated from their 
apodemes may hinder the movement of the leg 
because of friction and/or inertness. However, from 
a number of experiments in which an attempt was 
made to analyse the importance of these objections, 
it became clear that they can, in most cases, safely 
be neglected ; these experiments have been designed 
and carried out by G. Becht. 

In a succeeding communication some 
obtained with this technique are presented. 

I am indebted to J. W. Kuiper, E. D. Nijenhuis and 
F. J. Oppenoorth for their assistance in the develop- 
ment of this technique ; the illustrations have been 
put at my disposal by G. Becht. 


results 


D. DRESDEN 


Physiology of the Locomotory Muscles in 
the Cockroach 


In the course of investigations into the mode of 
action of insecticides, a detailed study of the nervous 
system in the cockroach has been planned. This 
study started with the development of a method for 
the recording of muscle-contractions (see preceding 
communication). As only incomplete results were 
available concerning the anatomy and topography 
of the sense organs, nerves and muscles (cf., for 
example, refs. 1 and 2), a detailed study has been 
carried out on this subject. Most of the results have 
already been published*; some 
analytical results on the fibres will 
be published elsewhere. The present 
communication deals with our first 
physiological approach to the prob- 
lem. The muscles which have 
been studied with the preparation 
described are the extensors and 
flexors of the coxo-trochanteral 
joint, namely: 135a, b, c, d and e, 
136, 137, 138, 139 and 140 (Car- 
bonell’s numbering’). 

Extensors (depressors). As com- 
pared with the other muscles, it 
was especially easy to obtain a good 
preparation of the system 136 + 
137 (innervation: nerve 5, ramus 
1) (Fig. 1). This system, which is 
supplied by one axon, behaves en- 
tirely as a fast motor-unit. It reacts 
with clear twitches up to about 
6 cycles/sec., which gradually fuse 
at higher frequencies (Fig. 2). Some 
superposition occurs, the tetanic 
height being approximately 1-2 
times that of the twitch. The 
tetanic contraction fatigues very 
quickly and it disappears almost 
completely within a few seconds. 
Because of its simplicity, it is ex- 


Fig. 2. 
Fig. 3. 


Fig. 4. 
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Myogram of the motor-unit 136 + 137. 
Myogram of muscle 135a, stimulated at three successive voltages (frequency 
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Fig. 1. Medial side of the right mesothoracic coxa of Periplanetu. 
Left: normal. Right: the apodeme of the 135- “group has been 
cut, and the motor-unit 136 + 137 remains 


pected that this preparation will be very suitable as a 
standard for toxicological work. 

The depressor muscles 135a and 135c (innervation : 
nerve 4, ramus 3) represent the strongest group of 
extensors. They are supplied by very few axons: 
135a receives three fibres and 135c only one. This is 
reflected in their physiological behaviour. Muscle 
135c simply behaves as a motor-unit of the fast type, 
whereas in muscle 135a stimuli of successively 
increasing voltage result in at least three different 
contraction heights (Fig. 3). 

The small band-shaped depressor muscle 135d 
(innervation : nerve 4, ramus 25) is supplied by four 
axons. 
low frequencies, up to 25 cycles/sec. Only very 
minute twitches occur, which could seldom be 
recorded on the kymograph. Under the dissection 
microscope, however, they could always be observed 
very clearly. Stimulation with higher frequencies 
resulted in a considerable contraction of the ‘slow’ 
type. These contractions can last for as long as 
10 min. before they exhibit signs of fatigue. If the 
frequency of the stimuli is increased, the contraction 
height increases with it, up to a maximum at about 
130 cycles/sec. (Fig. 4). In many preparations of 
1356 it was noted that an increase of the voltage of 
the stimuli induced a rather sharp decrease of the 





Length of the writer, 22-5 mm. 


unchanged). Writer, 22-5 mm. 


Myogram of muscle 1356, stimulated with feta increasing frequencies 


(voltages unchanged). Writer, 62-5 mm 


It shows scarcely any response to stimuli of 
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Fig. 5. Myogram of muscles 138 + 139¢, stimulated with stepwise increasing frequencies 


(voltages unchanged). 


contraction height. This phenomenon, which was 
always reversible, points to the existence of an 
inhibitory fibre in the supplying nerve. Further 
experiments are needed before a decision can be 
made on this problem. It is probable that muscle 
135) will prove to be a very suitable test-object for 
toxicological investigations on the ‘slow-type’ muscles. 

Flexors (levators). Two groups of levator muscles 
can be distinguished: 138 and 139c on one hand 
(innervation : nerve 3B), and 139a, 139b and 140 on 
the other hand (innervation: nerve 6B). The nerves 
supplying the two groups contain at least seven 
fibres (nerve 3B) and exactly seven fibres (nerve 6B), 
respectively. The arrangement of the fibres is rather 
complicated and will not be discussed here; it is 
reflected in @ more complicated physiological be- 
haviour of these muscles (Fig. 5). Moreover, they all 
seem to have a ‘fast’ and a ‘slow’ component, which 
adds considerably to the complexity of the system. 
Records of these muscles have a very characteristic 
shape which we have called ‘cock’s comb’-myograms. 
It is caused by a response to low frequencies (about 
5 cycles/sec.) which is intermediate between that of 


3-HYDROXYANTHRANILIC ACID, 
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Writer, 22-5 mm. Note the ‘cock’s comb-effect’ at 1 cycle/sec. 
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the fast- and that of the slow-type 
muscles. 

These complicated myograms have 
been analysed a little further in ex- 
periments in which ryanodine was 
administered. Injections of a suitable 
quantity of this alkaloid result in a 
very rapid block of the fast muscles 
(for example, 136 + 137), whereas the 
slow muscle, 135), is affected at a 
slower rate. In this respect it is inter- 
esting to note that ‘ntoxicated insects 
show a very sluggish behaviour. Now 
the reaction of 139a, 139b, 139c and 140 to ryanodine 
consists of disappearance of the fast components 
(that of 138 is still questionable). These ryanodinized 
muscles then behave more or less as the slow muscle 
1355. Therefore, it is believed that the ‘cock’s comb’- 
muscles are composed of two different elements, 
rather than that they represent some sort of inter- 
mediate type muscle. However, further evidence is 
required on this matter. 

Some preliminary experiments on the action of 
y-BHC on the nerve-muscle preparations have been 
carried out. 

G. Brecut 
D. DRrEespDEN 
Laboratory for Research on Biocides, 
National Council for Agricultural 
Research T.N.O., 
Vondellaan 6, Utrecht. 


' Pringle, J, W. S., J. Exp. Biol., 15, 114 (1938); 16, 220 (1939). 
* Carbonell, C. S., Smith. Mise. Coll., 107, No. 2 (1947). 


a E. D., and Dresden, D., Proe. Kon. Ned. Akad. Wetensch., 
. 55, 300 (1952). Dresden, D., and Nijenhuis, E. D., ibid., C. 
58. “1” Nijenhuis, E. D., and Dresden, D., thid., C, 58, 
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A CARCINOGEN PRODUCED BY 


ENDOGENOUS METABOLISM 
By Pror. E. BOYLAND and G. WATSON 


Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, London, S.W.3 


NVESTIGATIONS into the nature of carcino- 

genesis by polycyclic hydrocarbons were based on 
the fact that soot and coal tar induce skin cancer in 
man. Similarly the study of cancer production by 
2-naphthylamine started with the observation that 
this dyestuff intermediate causes cancer of the 
urinary bladder in men employed in its manufacture. 
2-Naphthylamine does not appear to cause cancer of 
the skin and produces bladder tumours only in man 
and dogs. The remote action of 2-naphthylamine is 
probably due to the fact that the immediate car- 
cinogen is not 2-naphthylamine itself but rather one 
of its metabolites, 2-amino-1-naphthol, which Hueper? 
showed to be carcinogenic following subcutaneous 
injection into mice. Also Bonser, Clayson, Jull and 
Pyrah? found that this compound induces cancer 
when implanted into the bladders of mice, under 
which conditions the parent amine does not. 

The technique of testing substances for carcino- 
genic action by implanting pellets containing the 
suspected material into the bladders of animals, 
introduced by Maisin and Picard* and developed by 
Jull‘, is invaluable in the investigation of the role 
of metabolism in carcinogenesis. By this method, 


Bonser, Clayson and Jull5 found that a number of 
ortho-aminophenol derivatives, in addition to 2-amino- 
l-naphthol, produce cancer of the bladder: these 
include 1-amino-2-naphthol, 1-methoxy-2-amino- 
naphthalene and 3-amino-4-hydroxydiphenyl. Clay- 
son® has suggested that aromatic amines other than 
2-naphthylamine, including butter yellow, 2-acet- 
amidofluorene, 4-aminodiphenyl and 4-amino-stil- 
benes, may be active after conversion to ortho-amino- 
phenols (cf. Walpole, Williams and Roberts’). 

The tumours of the bladder which appear in the 
general population do not differ in their pathology 
from those induced in chemical workers by 2-naph- 
thylamine and other amines such as benzidine and 
4-aminodiphenyl. Such tumours might therefore be 
induced by analogous carcinogens excreted in urine 
such as metabolites of tryptophan, /,3-hydroxy- 
kynurenine® and 3-hydroxyanthranilic acid*, which 
are ortho-aminophenols. Experiments described 
below show that 3-hydroxyanthranilic acid is, in 
fact, carcinogenic in the bladders of mice. 

Previous studies of the metabolism of 2-naphthyl- 
amine by tissue slices!® showed that although 
2-naphthylamine is oxidized to aminonaphthols in 
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Table 1. CHANGES OBSERVED IN BLADDERS OF MICE FOLLOWING INSERTION OF PELLETS OF DIFFERENT COMPOSITIONS 
No. of mice | 
Composition of pellet Showing — 
Original Surviving hyperplasia With With 
total 40 weeks or metaplasia papilloma carcinoma 
Paraffin wax, m.p. 56° + 20 9 1 0 0 > 7 
3-Hydroxyanthranilic acid (20 per cent) and paraffin | 
wax (80 per cent) 30 19 2 0 3 | 
Cholesterol 25 8 1 0 0 | 
3-Hydroxyanthranilic acid (20 per cent) and cholesterol 

(80 per cent) 20 14 2 0 4 
2-Amino-1-naphthol hydrochloride (20 per cent) and } 

cholesterol (80 per cent) 25 13 1 2 1 
8-Hydroxyquinoline (20 per cent) and cholesterol 
(80 per cent) } 20 13 1 2 4 | 
| i 




















the liver, the aminonaphthols are very rapidly con- 
jugated with sulphate or glucuronic acid so that no 
appreciable concentration of free aminonaphthol is 
present in the tissues. No free aminonaphthol is 
present in the fresh urine of animals dosed with 
2-naphthylamine™. Urines of man and laboratory 
animals contain 8-glucuronidase, which can hydrolyse 
one of the metabolites, 2-amino-1-naphthylglucosid- 
uronic acid, and liberate the carcinogenic 2-amino- 
l-naphthol. Urines from patients with bladder 
cancer generally contain more §-glucuronidase than 
do the urines of normal subjects"®. 

The carcinogenic action of 2-naphthylamine is thus 
dependent on its oxidation to 2-amino-l-naphthol in 
the liver. The conjugated derivatives of this amino- 
phenol are excreted in the urine. One of these, 
2-aminonaphthyl sulphuric acid, is resistant to the 
enzymic action of sulphatase™, but the 2-amino-1- 
naphthylglucosiduronic acid may be hydrolysed by 
urinary 8-glucuronidase to liberate the carcinogenic 
2-amino-1-naphthol. l-3-Hydroxykynurenine and 
3-hydroxyanthranilic acid are also excreted in con- 
jugated forms, but the hydrolytic enzymes would 
liberate the free ortho-aminophenols which might 
induce bladder tumours. 

These results indicate a possible mechanism 
whereby a natural metabolite might induce bladder 
cancer. The liability to this form of neoplasia would 
therefore be dependent, among other factors, on : 
(1) the sensitivity of the bladder tissue; (2) the 
intake and metabolism of tryptophan. An inborn or 
induced metabolic pattern might cause an unusual 
excretion of 3-hydroxy-anthranilic acid derivatives. 
Somewhat higher concentrations of 3-hydroxy- 
anthranilic acid were found in urines of patients with 
bladder cancer than were found in urines of normal 
subjects“. (3) The activity of 8-glucuronidase and 
possibly -sulphatase in the urine. (4) The average 
time during which urine remains in the bladder. All 
these factors would presumably be less effective with 
increasing dilution of urine. 

The carcinogenic activities of 3-hydroxyanthranilic 
acid in pellets of paraffin wax and of 3-hydroxy- 
anthranilic acid, 2-amino-1-naphthol and 8-hydroxy- 
quinoline in pellets of cholesterol in the bladders of 
mice have been investigated by a modification of the 
methods of Jull*. The modification consisted in 
tying off the lumen of the bladder with silk after 
insertion of the pellet instead of sewing the lumen. 
By this method the operation is quicker and the risk 
of leakage of urine during the post-operative period 
reduced. 

The results summarized in Table 1 show that 
pellets of paraffin wax or cholesterol did not induce 
carcinomata in experiments lasting 40 weeks, but 
that pellets containing 3-hydroxyanthranilic acid or 


8-hydroxyquinoline produced tumours in a statistic- 
ally significant number of mice. 

The tests with 8-hydroxyquinoline were carried 
out since it was thought that the known carcino- 
genic ortho-aminophenols might be biologically active 
because of their power to chelate metals. If thoy 
were carcinogenic by virtue of this property, then 
other chelating agents would be expected to induce 
cancer. The fact that 8-hydroxyquinoline has induced 
cancer is in agreement with this hypothesis. 

Other constituents of mammalian tissues which 
can induce cancer include: (1) cholesterol, which 
is not carcinogenic under the conditions of the 
present experiments ; (2) xanthine, which is excreted 
in urine of xanthinurics’* and has induced cancer in 
rats on subcutaneous injection (Haddow, personal com- 
munication) ; (3) cestrogens, which induce tumours at 
various sites of different species of animals. 

The induction of tumours with 3-hydroxyanthranilic 
acid and xanthine, known constituents of some urines, 
indicates that cancer might be induced by abnormally 
large amounts of normal intermediates of amino-acid or 
purine metabolism. The ability to excrete abnormally 
large amounts of such compounds might occur spontan- 
eously or be controlled by genetic or nutritional factors. 

We should like to express our thanks to Dr. 
Cuthbert E. Dukes and Dr. E. S. Horning for their 
willing co-operation in the pathological diagnosis of 
the material, and Miss M. Allen and Mr. J. L. Everett 
for assistance in the experiments. 

This investigation has been supported by grants to 
the Chester Beatty Research Institute (Institute of 
Cancer Research: Royal Cancer Hospital) from the 
British Empire Cancer Campaign, the Jane Coffin 
Childs Memorial Fund for Medical Research, the 
Anna Fuller Fund, and the National Cancer Institute 
of the National Institutes of Health, U.S. Public 
Health Service. [March 16 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 


for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Red-Cell Survival in Familial Hemolytic 
Anzmias 


WuEN the red-cell hem of familial hemolytic 
anemia patients is isotopically tagged, as by the 
administration of glycine-45N, the curves of sub- 
sequent isotope-levels may be interpreted in more 
than one way. ‘Two very different interpretations 
are given here as subcases of a single model, and 
their relation to actual cases is discussed. 

In cases of spherocytic! and sickle cell anzmia*»* 
the ‘°N-tagged hem curves show approximately ex- 
ponential decline following an abnormally rapid and 
extensive rise. The simplest curve of this kind was 
reported recently by James and Abbott? for a striking 
case of sickle cell anemia. As James and Abbott 
pointed out, their curve has a single-phase decline. 
This is unlike the multiphasic declines on other and 
more complicated of the observed curves!»?. 

For simple analysis, assume that the tagged red 
cells are & single population which is released to the 
circulation at an exponentially declining birth-rate, 
and that they are then subjected to a random (or 
first-order) rate of removal. Distinguishing between 
these two rates is the most difficult part of inter- 
pretation, since evidence is presented that the decline 
of the curve will follow the slower rate—whether it 
be the birth-rate- or the death-rate. Thus if we let 
«, be total tagging in terms of atom per cent excess of 
nitrogen-15 in the circulating hem ; 6b be birth-rate, 
or daily release fraction of the eventually tagged and 
yet to be released red cells ; ¢ be time after tagging, 
in days ; k be removal-rate, or fraction of circulating 
tagged cells that are removed daily ; and x be con- 
centration of the tag in circulating red cells, in atom 
per cent excess of nitrogen-15, then our assumptions 
imply that the daily release of tagged cells will be 


(ob exp(— dt) 
and that the concentration will follow the equation 


lx 
a = 2b exp(— bt) — kx 


The solution of this differential equation, which also 
satisfies the condition that initially z = 0, is 


Xb > > 4 —_ 
Co ._s {exp(— bt) — exp(— kt) } (1) 

The hem-tagging curve of equation (1) has the 
same shape in either of the two possible cases : 
(I) birth-rate exceeds death-rate (b>k), and 
(II) death-rate exceeds birth-rate (k > 6). In both 
cases the declining part of the curve follows the lower 
of the two rates. Therefore we must use other evidence 
to distinguish between the rates of release and 
destruction of the cells. 

In cases of familial hemolytic anemia, it is almost 
universally found that the erythroid bone marrow is 
greatly hypertrophied. This fact can be used to 
distinguish between the release and removal-rates 
when it is recalled that in any balanced state the 
daily production and loss are equal. Thus if M is 
volume of erythroid marrow, and H is volume of 
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circulating cells, we can choose the normal M to be 
about 300 c.c. (ref. 4, which gives data implying at 
least 200, while 300 is more conservative in the 
present application) and then define hyperplasia ratio 
as: 

Mapnorm. H k 


Reryth. _ —— 300 , 3 (2) 


Equation (2) uses M as given in ref. 5, in which 
hV equals the present H. The meaning of this ratio 
is that: when Reryth. > 1, there is erythroid marrow 
hyperplasia, and when Reryth. < 1, there is erythroid 
marrow hypoplasia. Hence if the ratio (k/b) in 
equation (2) is mistakenly inverted, it has a great 
effect on one’s conclusion about the magnitude of the 
erythroid marrow. 

The whole picture and its importance are easily 
seen in terms of the beautiful example provided by 
James and Abbott*. Their hem curve is approximated 
by the equation 


x = 0-12 fexp(— 0-052t) — exp(— t/2) } (3) 


which is the form of equation (1) in which we must 
choose between 


b= 0°5 b 
I {i — 0-052 and II {i 
(The value 0-5 is approximate, since there are not 


enough early points for better accuracy.) To choose 
between cases I and II we calculate : 
: a -36 
nah 


1,040 Bic a a 
“300° PE 


where 1,040 represents (0-16 x 385/0-059) from the 
observed results*. While one might expect 10- or 
20-fold erythroid marrow hyperplasia in such a 
severe case of sickle cell anwmia, one would not 
expect hypoplasia down to less than 40 per cent of 
normal. For this reason it is highly probable that 
this is an example of case IT, in which the decline of 
the hem —nitrogen-15 follows the slower rate of release 
to the circulation, while the removal of the cells 
occurs at a faster rate. The observed reticulo- 
cytosis of 23 per cent is further support of this 
conclusion. 

In the original report*® the authors attributed the 
lower rate to cell removal, but they did not take into 
account the contraindicating factor of erythroid 
marrow hyperplasia. Therefore their conclusion, 
which is the previously common one, should be 
questioned and re-examined. 

The other reported hem —nitrogen-15 curves for 
cases of this kind’»? are more complicated in having 
biphasic declines. These can also be treated by the 
method of this communication if one assumes two 
populations of cells (analogous to one bimodal 
population) having different delivery- -and/or re- 
moval-rates. Again, in these more complicated cases, 
one must use the erythroid marrow hyperplasia as 
additional evidence in order to determine whether 
the slower (decline) rates represent rates of destruction 
of red cells or rates of delayed release of red cells to 
the circulation. Here again the presence of marked 
erythroid marrow hyperplasia implies increase in the 
ratio (cell destruction-rate : cell delivery-rate). 

I thank Drs. D. 8. Amatuzio, P. 8S. Hagen and 
C. J. Watson for helpful discussions of this and 
related problems, and the Rockefeller Founda- 


0-052 
0-5 


NW 


Reryth. = 
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tion for a grant at a period during which the last 
portion of this work was done. 
Rosert L. Evans 
Department of Physiology, 
Medical School, 
University of Minnesota, 
Minneapolis 14. Dec. 9. 


1 Hagen, Paul S., Bull. Univ. Minn. Hosp., 28, 552 (1952). 
? London, I. M., Shemin, a West, R., and Rittenberg, D., J. Biol. 
Chem., 179, 463 (1949 

* James, mL, *y Watson, and, “ieee jun., Lynn D., Proc. Soc. Exp. 
Biol. Med., 88, 398 (19 

* Wintrobe, a M., arene Hematology”, 
Febiger, Phila., 8rd. edit, 1951). 

* Evans, Robert L., Nature, 178, 129 (1954). 


39 and 59 (Lea and 


ABO Antigens in the Human Cornea 


Ir has been found that mammalian cornea is 
capable of eliciting an immunity reaction and of 
succumbing to it’. The following is a report of 
findings that human corneas possess A and B blood- 
group specific substances. Homogenized corneal 
tissue, obtained under sterile precautions by trephin- 
ing the central portion of the cornea from cadavers, 
not later than 12 hr. after death, was used for adsorp- 
tion of high-titred normal human sera. To 0-5 ml. 
of A, B and O sera, diluted 1 : 2 with normal saline, 
0-5 ml. of corneal homogenate was added. The 
adsorption was carried out at 6°C. for 8 hr., the 
serum—cornea mixture being shaken every 15-30 min. 
The anti-A and anti-B titre of the serum was examined 
against erythrocytes by the double serial dilution 
method, both before and after adsorption. 

It has been found that corneal material from a 
donor of blood group A significantly reduced the 
anti-A titre of O antiserum, while the anti-B titre 
remained unchanged. Similarly, corneal homogenate 
from a donor of blood group B reduced only the 
anti-B titre of the O serum. Corneas from AB donors 
reduced both the anti-A and anti-B titre of the 
serum, while material from donors of blood group O 
was ineffective in reducing either the anti-A or 
anti-B titre. 

Eluates were prepared after the adsorption by 
shaking the washed adsorbates in a 56°C. water- 
bath?. The eluates agglutinated red blood cells of 
the corresponding group. 

Twenty samples of corneas belonging to donors of 
blood groups A-5, B-5, AB-3 and O-7 were examined 
by adsorption and elution experiments. In all cases 
identity of antigenic substances of the corneal 
material and erythrocytes has been proved. 

Distinct differences in intensity of agglutination 
were always observed in the last two to three tubes 
of the titration. 












































Table 1. TYPICAL RESULTS OF ADSORPTION AND ELUTION EXPERI- 
MENTS 
Titre of serum Corneal Titre of serum O Titre of 
fore material from | after one adsorption eluate 
adsorption donor of with corneal against red 
blood group homogenate blood cells 
Anti-A 1:64 A 1:8 hi 1:4 sin 
Anti-B 1:128 1: 128 Ka 
Anti-A 1:64 B 1: 64 dupe saianle 
Anti-B 1: 128 1:64 1:4 
Anti-A 1:32 1:8 Son cir ae 
AnticB 1:64 4B 1:32 1:8 
Anti-A 1:64 . 1: 64 =, 
Anti-B 1:128 1: 128 0 





NATURE 


May 5, 1956 vo. :-> 


In one case three consecutive adsorptions with 
corneal material of the same group were performed, 
The titre of the antiserum was thus reduced from 
1: 128 to 1:1. 

The question whether failures of corneal trans. 
plantation could be explained on the basis of group 
incompatibility between donor and recipient is under 


investigation. 
E. NELKEN D. NELKEN 
I. C. MicHaELson J. GUREVITCH 
Department of Department of Clinical 
Ophthalmology, Microbiology, 
Hadassah- University Hebrew University- 
Hospital, Hadassah Medical School, 
Jerusalem. Jerusalem. 


Dec. 8. 


Billingham, R. E.,and ry, T., Proe. Roy. Soc., B, 141, 392 « 
Maumenee, A. E., Ann. N.Y. Acad. Sci., 59, 453 (1955) 
* Gurevitch, J., and Nelken, D., Nature, 175, 


19653), 


822 (1955). 


Chromatographic Behaviour of 
Hzmoglobin E 


RECENTLY, the chromatographic separation of four 
different human carboxyhemoglobins (normal adul: 
(A), sickle cell (B),C and foetal (F)) on the ion 
exchange resin ‘Amberlite JRC 50’ (XE 64) has been 
reported by ust. It was shown that these hxmo- 
globins move down the column at different rates in 
the sequence F > A > B>C. Now we are able to 
describe the behaviour of a third abnormal human 
hemoglobin (£), using the same chromatographic 
method. 

The blood samples were obtained from three 
members of @ family of Indonesian origin, which has 
been described briefly*. These three patients were 
suffering from the heterozygous hemoglobin £ 
disease. Using the elution technique! we did not 
obtain a complete separation of the hemoglobin 4 
and £ present. With the cuvette method, however. 
the two hemoglobins were separated quite we'll 
(Fig. 1,1). Even a mixture of five different human 
hemoglobins can be separated completely into the 
original components. The rate of displacement of the 
hemoglobin £ is intermediate between those of the 
normal adult and sickle cell hemoglobin(A > H > B 
Fig. 1,1IL). 





Fig. 1. Chromatographic separation of hemoglobin-Z and other 

human hemoglobins. I, Hemoglobin of a patient with hetero- 

zygous rs disease ; Il, artificial mixture of four 

hemoglobins (C, B, A and A Til, artificial mixture of five 
hemoglobins C, B, E, A and F) 
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In these experiments the presence of well-separated 
but less intense bands of the corresponding major 
fractions of the various hemoglobins sometimes 
occurs (Fig. 1,111 a and f). This is especially the case 
when the rate of flow of the effluent is low. Also 
with our elution technique the separation of one 
hemoglobin into two components is possible. The 
first fraction, which represents about 10 per cent of 
the total amount, moves down the column more 
rapidly than the major fraction. It may be that this 
chromatographic inhomogeneity of one hemoglobin 
is the same as that reported recently by Morrison 
and Cook*. With our technique, however, we never 
found a third fraction with a lower rate of displace- 
ment. 

These investigations were supported by a grant 
of the Nutricia Co., Zoetermeer, The Netherlands. 

H. K. Prins 

T. H. J. Huisman 
Department of Pediatrics, 
University of Groningen. 


‘Prins, H. K., and Huisman, T. H. J., Nature, 175, 903 (1955). 

Jonxis, J. H. P., Huisman, T. H. J., van der Schaaf, P. C., and 
Vrins, H. K., Nature [177, 627 (1956) }. 

‘Morrison, M., and Cook, J. L., Science, 122, 920 (1955). 


New Methods for the Synthesis of 
Peptides 


In 1947, Ehrensvird suggested the use of a new 
protective group for peptide synthesis'. According 
to his investigations, the phenylthiocarbony] grouping 
(C,H, S—-C—-O—-) can be used advantageously for 
the protection of the amino-groups of amino-acids. 
The phenylthiocarbonyl-group could be split off from 
the N-phenylthiocarbonyl-peptide derivatives by 
means of lead acetate. Lindenmann, Khan and 
Hofmann? confirmed Ehrensvard’s observations ; but 
according to their investigations hydantoins, not 
peptides, resulted under the influence of lead acetate. 
As no method was given for splitting off the phenyl- 
thiocarbonyl-group, we attempted the application of 
oxidative methods, and with complete success. The 
oxidation is carried out with 2-5 moles of perbenzoic 
acid at — 5° in acetic acid — benzene, benzene — tetra 
hydrofurane, dioxane or dioxane containing prefer- 
ably 2 per cent of water. The products of oxidation 
probably represent a type of mixed anhydrides of 
carbamic acids with sulphinic acids hitherto unknown: 


O 
$S—C—NH—CH—CO—NH—CH—COOR, 
BK ¢ FE | 

) R R, 


(PD 


With water, compounds of type (I) disintegrate 
immediately at the places marked with broken lines, 
even at — 5°, with the evolution of carbon dioxide, 
and the corresponding peptides or amino-acids are 
isolated in excellent yield, by adsorption on a ‘Dowex 
50° cation exchange resin and elution with diluted 
ammonia. (When esters are used, it is necessary to 
carry out the usual alkaline saponification before 
working them up.) By this procedure, glycine was 
obtained from phenylthiocarbonyl glycine (yield 
74 per cent), glycyl-alanine from ethyl-phenylthio- 
carbonyl-glycyl-alaninate and 1-glutamyl-L-tyrosine 
from ethyl-phenylthiocarbonyl-L-glutamy1-L-tyrosin- 
ate (33 per cent). 


C,H, 
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A drawback to the use of the phenylthiocarbonyl- 
group is that only amino-acid esters can be acylated 
with the chloride*, so that starting from an amino- 
acid it takes four steps to prepare a protected amino- 
acid. Therefore, maintaining the structural principles 
of phenylthiocarbonyl-derivatives, we prepared‘ 
methyl-thiocarbonyl-chloride from phosgene and 
from methylthiol, which is a weaker acid than 
thiophenol. With this compound the amino-acid 
anions can be acylated (in water, in the presence of 
sodium bicarbonate, sodium carbonate or magnesia). 
Methylthiocarbonyl-glycine (m.p. 118-119°), ethyl- 
methylthiocarbonyl-glycinate (m.p. 55°), methylthio- 
carbonyl-threo-8-phenyl-serine (m.p. 129-130°), ethyl- 
methylthiocarbonyl - threo-8 - phenylserinate (m.p. 
124°) have been prepared with an average yield of 
65-80 per cent. Peptides can be prepared from 
methylthiocarbonyl amino-acids in the same manner 
as from phenylthiocarbony! amino-acids. 

However, it has proved more advantageous to use 
N-benzylthiocarbonyl derivatives instead of methyl- 
thiocarbonyl compounds, because they crystallize 
better and are sparingly soluble in water. We prepared 
benzylthiocarbonyl-chloride (m.p. 12°; b.p.o.9, 65°), 
which was hitherto unknown, by the same method as 
methylthiocarbonyl-chloride. With benzylthiocar- 
bonyl-chloride the amino-acids and peptides can be 
smoothly acylated (see Table 1). Acylating amino- 
acid and peptide esters with benzylthiocarbony!l- 
chloride in chloroform solution, ethyl-benzylthio- 
carbonyl-glycinate (oil) and ethyl-benzylthiocarbonyl- 
glycylglycinate (m.p. 119-120°) were prepared in 
yields of about 80 per cent. Ethyl-benzylthiocarbonyl- 
glycylglycinate was prepared from benzylthiocar- 
bonyl-glycylchloride (prepared with thionyl chloride) 
in a yield of 91 per cent, by the mixed anhydride 
method of Th. Wieland, Boissonnas, and Vaughan 
(yield 43 per cent), by the phosphoaza method of 
Goldschmidt (yield 51 per cent) and by Sheehan’s 
new N-N’-dicyclohexylearbodiimide method® (yield 
74 per cent). With this last method, ethyl-benzyl- 
thiocarbonyl-alanyl-glycinate (m.p. 120-121°, yield 
70 per cent), ethyl-benzylthiocarbonyl-glycyl-phenyl- 
alaninate (m.p. 108-109°, yield 70 per cent), and 
ethyl - benzylthiocarbony] - L - alanyl - glycinate (m.p. 
105-106°) were also prepared. 

Glycine was acylated to benzylthiocarbonyl-glycyl- 
glycine with benzylthiocarbonyl-glycylchloride in 
water-dioxane in the presence of magnesium oxide 
in a yield of 43 per cent (m.p. 177—179°). 

From the  benzylthiocarbonyl-derivatives the 
benzylthiocarbonyl-group can be split off with 
perbenzoic acid in exactly the same manner as the 
phenylthiocarbonyl-group from phenylthiocarbonyl- 
derivatives. The yields of the peptides were about 
65-70 per cent. 

We expect that the benzylthiocarbonyl-group could 
be used, among other syntheses, in particular for the 
synthesis of peptides of lysine, arginine and ornithine. 
The benzylthiocarbonyl-group being insensitive to 
hydrobromic acid, its combined use with the carbo- 


Table 1 
Method of 
preparation 

) Acylation with 


Yield 


Compound 
(per cent) 


Benzylthiocarbonyl 
-glycine (m.p. 151-152°) 90 
-alanine (m.p. 177—178°) 78-5 
-L-alanine (m.p. 128-129°) 52-5 
-serine (m.p. 146-147°) 88 
-threo-8-phenylserine (m.p. 
153 


benzylthio- 
carbonyl-chlor- 
ide in water- 
dioxane at 0° 
in the presence 
of magnesia, 
-phenylalanine (m.p. 110°) sodium _bicar- 
-L-glutamic acid (m.p. 118-—120°) bonate or sod- 
-glycyl-glycine (m.p. 177-178°) 3 J} ium carbonate. 
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benzoxy group seems to offer new possibilities for the 
preparation of polyfunctional amino-acid and peptide 
derivatives. We are continuing our investigations 
in this direction. A detailed communication will 
appear elsewhere. 
J. KOLLONITSCH 
V. GABOR 
A. Hasés 
Research Institute for the 
Pharmaceutical Industry, 
Rottenbiller-u.26, 
Budapest VII. Dec. 15. 
’ Ehrensvard, G. C. H., Nature, 159, 500 (1947). 
* Lindenmann, A., Khan, N. H., and Hofmann, K., J. Amer. Chem. 
Soc., 74, 476 (1952). 
* Schuller, W. H., and Niemann, C., J. Amer. Chem. Soc., 75, 3425 
(1953). Crosby, D. G., and Niemann, C., J. Amer. Chem. Soc., 
76, 4458 (1954). 
* Arndt, F., Milde, E., and Eckert, G., Ber., 56, 1983 (1923). 
* Sheehan, J. C., and Hess, G. P., J. Amer. Chem. Soc., 77, 139 (1955). 


‘Malic Enzyme’ Activity in Blowfly 
Muscle 


AN investigation of the metabolism of sarcosomes 
and whole-muscle homogenates isolated from the 
flight-muscle of the blowfly (Calliphora erythrocephala) 
indicated that the rate of succinate oxidation by 
these preparations is limited by the steady-state 
concentration of oxaloacetate produced by further 
oxidation of fumarate (Lewis, 8. E., and Price, G. M., 
unpublished observations). 

The addition of Mn++ to these preparations pro- 
duced a marked stimulation of succinate and malate 
oxidation. Similarly, the addition of co-enzyme II 
stimulated the oxidation of both these substrates. 
These findings suggest that the preparations may 
contain a co-enzyme II—Mnt+-dependent enzyme 
similar to the ‘malic enzyme’ found in vertebrate 
liver?. This enzyme reversibly catalyses the oxidative 
decarboxylation of malate to pyruvate and carbon 
dioxide at pH 7-35%. Since this reaction provides 
an alternative pathway for malate oxidation, not 
involving the formation of oxaloacetate, it may be 
expected to facilitate the oxidation of succinate. The 
reactions associated with the ‘malic enzyme’ were 
therefore examined in an aqueous extract of an 
acetone-dried powder prepared from blowfly thoraces. 

The reduction of co-enzyme II by this extract was 
measured spectrophotometrically at a wave-length of 
340 my. The results obtained are shown in Fig. 1. 
On addition of malate a rapid reduction of co-enzyme 
II was observed, and in samples to which Mn++ was 
added the rate of this reaction was increased. Under 
the conditions of this experiment co-enzyme II could 
not be replaced by co-enzyme I, either in the presence 
or in the absence of Mn++. When the reduction of 
co-enzyme II had ceased, the addition of pyruvate 
in bicarbonate saturated with carbon dioxide resulted 
in a rapid re-oxidation of the reduced co-enzyme. 
Since the addition of pyruvate alone caused some re- 
oxidation of reduced co-enzyme II, this was probably 
due in part to the presence of lactic dehydrogenase, 
which we have since shown to be present in our 
extracts. However, the increase in the oxidation 
of reduced co-enzyme II which occurs when carbon 
dioxide and pyruvate are added together suggests 
that a ‘malic enzyme’ is also present. 


When estimating ‘malic enzyme’ activity by 


measuring the reduction of co-enzyme II, Ochoa et al.* 
defined one enzyme unit as “the amount of enzyme 
causing an increase in optical density of 0-01 per 
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Time. (min) 
Fig. 1. Reduction of co-enzyme II in the presence of malate ; 


its reversal by pyruvate and carbon dioxide, and activation by 
nt+ 


A, Control; 0, control + Mn++ : ©, control + Mn++ 100 
umoles pyruvate added at arrow; +, control + Mn++ + 100 
wmoles pyruvate in 1°3 per cent bicarbonate saturated with 
carbon dioxide, added at arrow. Cells contained : extract 0-5 ml. : 
malate (1-33 x 10-* M); ‘tris’ buffer pH 7-25 (2 x 10-' M); 
co-enzyme II (6:74 x 10°*M); manganous chloride (6-67 
10-* M); water to total volume of 3-0 ml. 
(The effect of Mn++ and the effect of Mn++ plus pyruvate were 
examined with separate extracts) 
minute’’. On this basis our extract contains 20 units 
in 4 mgm. of protein, which is equivalent to a specific 
activity of 5, and is equal to that reported in similar 
extracts from pigeon liver’. Recently a similar 
enzyme has been shown to be present in hemolymph 
from the larva of the silkworm (Bombyx mori)‘. 
Since many ‘malic enzyme’ preparations also 
catalyse the decarboxylation of oxaloacetate, the 
decarboxylase activity of our extracts was also 
examined. The carbon dioxide produced from 
oxaloacetate was measured manometrically in the 
presence of various amounts of extract in the presence 
and absence of Mn++. The rate of carbon dioxide 
production was measured during the 5-25 min. period 
after the addition of oxaloacetate, and, after deduct- 
ing the value for the spontaneous carbon dioxide 
production, the Qco, values were calculated on the 
basis of the protein content of the extract. The results 
given in Table 1 show that the extract catalyses the 
decarboxylation of oxaloacetate. The fact that the 
Qco; values are reasonably constant shows that the 
carbon dioxide production is proportional to the 
amount of extract present. When the Mnt* was 
omitted from the reaction mixture the rate of carbon 
dioxide production was reduced, both in the presence 








Table 1. 
DRIED POWDER EXTRACT 
Additions to CO, produced (yl./hr.) Qco 
reaction medium Observed Corrected 

None 164 conse sae 
0-4 ml. extract A 200 36 10-9 
Mn++ 310 — — 
0-2 ml. extract B + Mnt+ 369 59 27°5 
0-4 ,, Pry) ” 408 98 22-8 
08 ,, pa can > 501 191 22-2 

















Reaction medium. Acetate buffer 0-1 M (pH 4-5); oxaloacetate fy 


0-02 M. Extract A contained 8-4 mgm. protein per ml.; extract 3 
contained 10-75 mgm. protein per ml.; manganous chloride 10~* . 
(Final volume 3 ml, Temperature 25°C.) 


OXALOACETATE-DECARBOXYLASE ACTIVITY OF ACETONE: | | 
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and absence of the extract, and the Qo0, was reduced 
also. 

The oxaloacetate—decarboxylase activity of this 
extract is of the same order as that reported for 
similar extracts from vertebrate tissues’. However, 
since native proteins may catalyse the spontaneous 
decarboxylation of oxaloacetate the carbon dioxide 
production in the presence of bovine plasma albumin 
and Mn++ was examined. This protein increased the 
rate of carbon dioxide production by 20 ul. per hr., 
whereas a sample of the acetone-dried powder extract, 
containing an equal amount of protein, produced 
an increase of 98 ul. per hr. 

Although these extracts catalyse the reactions 
associated with the ‘malic enzyme’ we have no 
evidence to suggest that, in our preparations, both re- 
actions are catalysed by a single enzyme. Evidence 
on this point can only be obtained after isolation of 
the systems involved. 

This communication is published by permission of 
the Department of Scientific and Industrial Research. 


S. E. Lewis 
G. M. Price 


No. 4514 


Pest Infestation Laboratory, 
Department of Scientific and Industrial Research, 
Slough. 
March 12. 
‘Ochoa, S., Mehler, A., and Kornberg, A., J. Biol. Chem., 167, 871 
(1947). 
‘Verga Salles, J. B., and Ochoa, 8., J. Biol. Chem., 187, 849 (1950). 


*Ochoa, S., Mehler, A., and Kornberg, A., J. Biol. Chem., 174, 979 
(1948). 


‘Faulkner, P., 3rd International Congress of Biochemistry (1955). 
Ochoa, S., and Weisz-Tabori, E., J. Biol. Chem., 174, 123 (1948). 


Zymogen Formation in the Mouse 
Pancreas 


THERE are present in the Golgi zone of each acinar 
cell of the mammalian pancreas a number of small 
lipoidal droplets (about 14 in diameter) which stain 
with methylene blue and other vital dyes. Each 
lipochondrion, or, where -vesiculated, its cortex, is 
intensely osmiophilic and concentrates vital dyes?. 
Hirsch?, and later Baker*® and Lacy‘, considered 
that the prozymogen granules arose within the 
vacuolated lipochondria and when mature (ly in 
diameter) were released into the apical part of the 
cell. 

The prozymogen granules, however, do not form 
in the lipochondria, but so far as can be determined 
with the light microscope, form in situ. They arise 
as small refractile granules at the limit of resolution in 
size and well spaced from each other, their centres 
being separated by about 14y (Fig. 2). The prozymo- 
gen granules, like the mature zymogen, do not con- 
centrate vital dyes and are no more osmiophilic than 
the cytoplasm. No zymogen or prozymogen granule 
was ever observed within the interna of the lipo- 
chondria. 

The observations were made on stained and un- 
stained living pancreas im vitro and confirmed on 
pancreas with intact circulation, and also on material 
fixed on the slide with osmic acid and various osmic 
acid mixtures. Repeated intravenous injections of 
0-5 c.c. of a 2 per cent solution of pilocarpine every 
forty minutes over a period of several hours was 
found the most suitable method ‘for obtaining more or 
less synchronous and complete discharge of the pan- 
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Portions of pancreatic acini in various phases of restitution. 
1, full pancreas. Mature zymogen, 1juin diameter. Lipochondria 
not shown. 2, early phase of restitution. Prozymogen granules 
near limit of resolution in size. 3, Middle phase of restitution. 
First formed apical prozymogen larger than more recently formed 
basal prozymogen. 4, In some of the cells remnants of undis- 
charged mature zymogen are present. Prozymogen granules have 
formed distally to these remnants as well as elsewhere. The 
vesiculated and non-vesiculated, simple and compound, bodies 
at the basal edge of the zymogen and prozymogen masses are the 
lipochondria or Golgi bodies 


creases of twelve-weeks old mice. The complete cycle 
of discharge and restitution in the most advanced 
cells took six hours. 

The onset of prozymogen formation does not 
require the complete prior discharge of the full 
pancreas cell. In a cell which has ceased to dis- 
charge, having lost only half its mature zymogen 
granules (or, possibly, even less), prozymogen begins 
to form immediately basally to the remaining 
zymogen. This may also be observed in sections of 
material fixed in Flemming without-acetic mixture, 
stained with analine acid fuchsin and differentiated 
with methyl green, where the mature granules stain 
a yellow colour and the smaller prozymogen red. 
Where the discharge of zymogen goes on to com- 
pletion, the new prozymogen first forms at the very 
apex of the cell. Later, prozymogen granule forma- 
tion extends basally. Thus there is a continuous 
production of prozymogen, the full complement of 
granules not being laid down simultaneously. In a 
fully discharged cell which is well on the way to 
complete restoration of its zymogen complement, a 
gradation in size of prozymogen granules from the 
more advanced apical to the less advanced and more 
basal ones can readily be seen (Fig. 3). Thus the apical 
granules may have reached ly in diameter while the 
basal ones have only recently formed and are just 
visible. Only in the well-rested pancreas are all the 
granules mature, about 14y in diameter. Depletion 
of the cell occurs either by direct discharge of granules 
into the lumen, or indirectly by discharge into the 
long-necked retort-like vacuoles found in discharging 
cells, in particularly great abundance in animals 
heavily dosed with pilocarpine or pancreozymin and 
secretin. The walls of these vacuoles appear to. be 
no more osmiophilic than the cell membranes. Among 
the fused and unfused zymogen granules present in 
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these vacuoles some discharged lipochondria may also 
be found. 

During discharge the lipochondria remain among, 
and immediately basal to, the most basal zymogen 
granules, and on complete discharge lie at the apical 
surface of the cell. As prozymogen granules form 
between the lipochondria and either the apical cell 
wall or the most basal part of the remnant zymogen 
granules, the lipochondria mark the boundary of the 
newly formed granules. 

Where a mature zymogen granule and a heavily 
stained lipochondrion were in very close proximity, 
the latter, on myelination in appropriate solutions, 
often applied itself to the surface of the zymogen 
granule, so giving the appearance of a lipoidal sheath 
around a mature granule. The large blue (not purple) 
‘puddingstone’ masses studied superficially with a 
number of mature zymogen granules, observed by 
Worley in resting frog pancreas heavily stained with 
methylene blue and crushed in Ringer solution, are 
another type of artefact arising from lipochondria 
on the way to forming vacuome—crinome bodies! as 
a result of mechanical damage of the vitally stained 
cells. 

A full report of this work is being published 
elsewhere. 

I am indebted to Prof. O. W. Tiegs for the use 
of the facilities of the Zoology Department, Univer- 
sity of Melbourne, where this work was carried out. 


N. XEROS 


A.R.C. Virus Research Unit, 
Molteno Institute, 
Downing Street, 
Cambridge. 
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3 Baker, J. R., Quart. J. Micro. Sci., 90, 293 (1949). 
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® Worley, L. G., J. Morph., 261, 75 (1944). 
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Synthesis of £-Galactosidase in Ophiostoma 
multiannulatum and Some Properties 
of the Enzyme 


THE ascomycete Ophiostoma multiannulatum 
(Hedge. and Davids.) can grow on a synthetic liquid 
medium containing salts, vitamins (B, and B,) and a 
suitable carbon source. In connexion with the devel- 
opment of a method for continuous culture of the 
fungus, some studies on the ability of the organism to 
utilize different carbon sources were made. More or 
less pronounced adaptive growth was observed with 
lactose, cellobiose, raffinose, glycerol and ethyl alcohol, 
whereas galactose was not metabolized. The growth 
lag was considerably shortened in the presence of a 
mixture of amino-acids, and this fact suggested a 
more detailed study of the factors influencing the 
synthesis of some of the enzymes involved. 

It seemed desirable to investigate $-galactosidase 
first, as comparative data were available from several 
other organisms (see, for example, refs. 2-5). The 
enzyme was assayed by the technique originally 
described by Lederberg* under conditions which give 
a zero-order reaction with respect to substrate, ortho- 
nitropheny1-8-p-galactoside. 

Different mutant strains of the fungus have been 
shown to produce varying amounts of the enzyme, 
but work has been concentrated on a wild strain, 
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O. multiannulatum 51. This strain grows in the form 
of budding conidia at 25-30°C. and, with good 
aeration, with a minimal mean generation time of 
about,three hours. During the growth, B-galactosidase 
appears in the medium, but no measurable enzyme 
activity has been found in the cells. All methods 
tried for the extraction of fresh or lyophilized cells have 
failed to give more than mere traces of enzyme. If 
an enzyme preparation obtained from the medium 
is mixed with the cells, the enzyme activity is not 
lost during’such extraction procedures. When the 
fungus is grown on lactose, the enzyme can be 
obtained from the medium at an early stage of growth, 
which also indicates that the §-galactosidase of 
O. multiannulatum is an exo-enzyme, in contrast to 
what has been found in bacteria and Neurospora, 
The enzyme synthesis is inhibited by a glucose con- 
centration higher than 0-05 mgm./ml. in the medium, 
and when the cells are grown on 0-5 per cent glucose 
in ordinary shake-culture flasks, no enzyme can be 
detected until the glucose concentration falls below 
this value. In a continuous culture, with glucose as 
growth-limiting factor and with excess nitrogen, a 
considerable production of enzyme is obtained both 
at 25° and 30°C. 

A partial purification of the enzyme has been 
accomplished by chromatography and electrophoresis. 
After the cells had been centrifuged from an immature 
culture on lactose, the supernatant solution was 
adjusted to pH 7-2 and made 0-02 M with respect 
to tris(hydroxymethyl) aminomethan-hydrochloride 
buffer (Sigma Chemical Co., Tech. Bull. 106), pH 7-2. 
The enzyme could then be quantitatively adsorbed 
directly on ‘Dowex 2’ in equilibrium with that buffer 
according to the technique described by Boman’. 
With 0-2 M buffer, more than 90 per cent of the 
enzyme activity is eluted, leaving about 80 per cent 
of the protein impurities on the column. After 
dialysis against 0-01 M acetate buffer, pH 5-0, the 
enzyme has been further purified by chromato- 
graphy on calcium phosphate according to Tiselius'. 

The enzyme preparation is stable even at room 
temperature in a buffer composed of 0-1 M pyridin 
adjusted with acetic acid to pH 5-5, and preliminary 
experiments show that impurities can be removed 
by zone electrophoresis employing the apparatus of 
Porath® and the cellulose powder of Flodin and 
Kupke**. By using a volatile buffer system, it is 
possible to obtain concentrated salt-free preparations 
of the enzyme by lyophilizing the eluate from the 
column—a simple method which would seem to be 
applicable to all enzymes stable under these 
conditions. 

Kinetic studies made on some of these preparations 
show that the enzyme reaction with o-nitropheny|- 
8-p-galactoside is competitively inhibited by lactose 
and non-competitively by glucose. The optimum 
pH of the reaction is about 5, but trivalent anions 
such as phosphate and citrate move the optimum to 
higher values much as described by Landman and 
Bonner‘ for the §-galactosidase of HE. coli. An 
Arrhenius plot of the reaction-rate between 20° and 
40° C. gives a straight line, but more detailed kinetic 
observations have been postponed until purer prepara- 
tions from different strains are available for com- 
parison. 

The stability of the enzyme in crude preparations 
is remarkable. At 65° C., 50 per cent inactivation is 
obtained after about 20 min. in acetate buffer pH 5, 
and at 30°C. it is stable between pH 3 and 8 for 
several hours. As the purity is increased, this 
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stability seems to be appreciably reduced, probably 
because of the removal of some stabilizing impurity. 

A‘ detailed report of this work will appear later. 
I wish to thank Prof. A. Tiselius and colleagues at 
this Institute for helpful discussions. The cost of this 
work is being defrayed in part by grants to the 
Institute from the Rockefeller Foundation. 

B. v. HoFsten 

Institute of Biochemistry, 

University of Upsala. 

Dec. 21. 
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Decomposition of Xylan by Sporocytophaga 
my xccoccoides 


Tat Sporocytophaga myxococcoides is unable to 
grow on xylan and xylose has been shown by several 
investigators! ; for that reason the organism was 
used in an investigation to find if cellulase is able 
to decompose xylan. Fuller and Norman? report a 
disappearance of xylan from corn stalk cellulose 
during growth of Sporocytophaga myxococcoides. 

Two strains have been used ; our own was isolated 
by Dr. H. L. Jensen and another was obtained from 
Prof. A. J. Kluyver, of Delft. The purity of the 
cultures was regularly checked by streaking on xylan 
agar and glucose asparagine yeast extract agar or 
meat peptone agar. 

Strips of absorbent cotton-wool (0-2 gm., 6-8 cm 
long) were placed in test tubes; 5 ml. of a medium 
containing 0-5 per cent wheat straw xylan in a 
colloidal solution in addition to inorganic nutrients 
(ammonium nitrate, 0-1 per cent; dipotassium 
hydrogen phosphate, 0-05 per cent; magnesium 
sulphate, 0-02 per cent; sodium chloride, 0°02 per 
cent; ferric chloride, 0-002 per cent) was added, 
and the cotton-wool was arranged like agar slants. 
After autoclaving at 115° for 20 min., the tubes 
were inoculated by moving a little piece of filter 
paper covered by growth of Sporocytophaga gently 
over the surface of the cotton-wool, and incubated 
at 30°. Every third day tubes were removed from 
the incubator for analysis, the purity of each culture 
was checked by streaking as mentioned above, the 
liquid was removed and brought to 5 ml., reducing 
power was determined in 1 ml., and the remainder 
was used for paper chromatography. 

Reducing power* increased regularly in the tubes 
containing cotton-wool plus xylan, as seen in Fig. 1. 
A small increase was observed on cotton-wool alone. 
No growth took place on xylan alone. 

The paper chromatograms from cultures on cotton- 
wool plus xylan showed an accumulation of xylose, 
arabinose, xylobiose, xylotriose and trace of glucose ; 
these are the same reaction products which have been 
found in previous studies on enzymatic decomposition 
of xylan‘. The small increase in reducing power in 
cotton wool alone was caused by xylose, arabinose 
and compounds containing uronic acid. These presum- 
ably originated from accompanying hemicellulose, 
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Fig. 1. Reducing power in cultures of Sporocytop 

growing on cotton-wool + xylan (upper curves) or cotton-wool 

alone (lower curves). Continuous line, Lyngby strain; broken 
line, Delft strain 


since xylose, arabinose and uronic acid were released 
by treating the cotton-wool with boiling 0-5N 
sulphuric acid but are not found in aqueous extracts 
of Sporocytophaga grown on glucose agar. 

Cell material grown on cellulose or glucose and 
precipitated in acetone was able to split xylan at 
almost the same rate. Slight xylan-splitting activity 
was found in a filtered fluid (Jena glass filter 11 G 5) 
from a cellulose culture. 

These experiments suggest that the cellulase of 
Sporocytophaga myxococcoides is able to split xylan ; 
other explanations might, however, be possible. This 
property is interesting from the point of view of the 
ecology of the soil micro-organisms, since other 
organisms might in this way be provided with easily 
available carbohydrate material. 

A more detailed account of this work will appear 
later. 

L. H. SoRENSEN 
State Laboratory of Plant Culture, 
Department of Bacteriology, 
Lyngby, Denmark. 
Oct. 13. 
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Leaf Movements and the Tagesrhythmik 
Explanation of Photoperiodism 


Btnninq’s! hypothesis of the relationship between 
day-length responses and diurnal rhythms as mani- 
fested by leaf movements has been the object of 
several recent criticisms*-* as inconsistent with some 
facts of photoperiodic induction. However, Biinning’s 
scheme is not only a theory of photoperiodism but 
also @ generalization concerning diurnal leaf move- 
ments. 

Fig. 1 shows a selection of records of the diurnal 
change of ieaf position in Bauhinia monandra. The 
positions were recorded on 16-mm. film using a 
camera triggered every fifteen minutes. It will be 
seen that although the shapes of the phases are not 
exactly as in Biinning’s idealized diagrams, the general 
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Fig. 1. 


features are evident and, in particular, the hebung 
phase begins immediately after illumination as in his 
diagram for short-day plants. This, of course, might 
be expected in a tropical species accustomed to a 
12-hr. day in Nature. 

Nevertheless, if the times from beginning illumina- 
tion to the onset of downward movement (that is, 
the duration of the ‘photophile’ stage in Biinning’s 
terminology) are compared among the graphs, they 
are obviously not constant. However, the point of 
beginning downward movement is ill-defined in these 
records, and as it has also proved very susceptible 
to extraneous conditions such as humidity, and also 
age of the leaf, it is doubtful whether it can be re- 
garded as a critical point in the cycle. On the other 
hand, the timing of the middle point of leaf closure 
is sharply defined and has proved very uniform after 
any particular alternation of darkness and illumina- 
tion. Counting, then, this middle point of closure 
as the limit of the photophile stage, it has been found 
that, independently of the time of darkening the 
previous day, the ‘normal’ photophile phase of a little 
more than 12 hours duration (illustrated by illumina- 
tion at 6 a.m. in Fig. 1) is only adhered to if the 
duration of the preceding dark period also approx- 
imates to 12 hr. With shorter dark periods (as with 
illumination at midnight) the photophile phase is 
lengthened ; with longer (as with illumination at 
8 a.m.) it is shortened. Exactly similar relationships 
to the length of the previous dark period appear to 
hold for the related species B. tomentosa and also 
for an unrelated plant, Talinum triangulare. 

It would then appear that leaf movement in these 
examples closely parallels the photoperiodic behaviour 
of short-day plants such as Xanthium, in which 
flowering is said’ to be dependent on the duration 
of the dark period. Biinning himself* has made a 
special exception for Xanthium from his general rule 
that the cycle of leaf movement is initiated in the 
first instance by change from dark to light. In this 
case, he says, the cycle is set in operation by a change 
from light to darkness. It is evident, however, that 
both changes are involved in determining the length 
of the photophile phase in Bauhinia and Talinum : 
agreeing exactly with the photoperiodic behaviour 
of short-day plants. 

There is a second respect in which the leaf move- 
ments of these plants seem to agree better with re- 
ported features of photoperiodism than with Biin- 
ning’s generalizations: the effect shown in Fig. 1 
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Bauhinia monandra. Changes of leaf angle after beginning illumination at of 
midnight, 6 a.m. and 8 a.m. and (stippled band) at midnight, but with weak light 
until 6 a.m. In each case the plants were darkened from 6 p.m. the previous evening 
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24.00 hr. of beginning illumination with a 
period of weak light, which in this 
case was about 30 foot-candles con. 
pared with 600 foot-candles for + he 
rest of the period. It will be seen 
that this treatment produced the 
longest photophile phase of all, as 
if the weak light had made the 
previous dark period in effect even 
shorter. Schwabe? has provided a 
parallel in photoperiodism with the 
observation that when part of the 
light period in each day is pro- 
vided by weak light, the effective 
length of the accompanying dark 
period in controlling flowering is 
reduced. In Biinning’s schemes, 
course, the cycles are 
trolled by the timing of illum. 
ination, not at all by its inten. 
sity. 

A few other inconsistencies with Biinning’s 
sequences have been noted. For example, when 
illumination is continued without further intervention 
of dark periods, the rhythm set up by the initial 
exposure to light does not continue endogenously, 
but rapidly decreases in amplitude and is practically 
indistinguishable after three days. Moreover, although 
the limits of the phases rapidly become indistinct, 
it is nevertheless clear they recur after decreasing 
intervals of time. It appears probable that control 
of the cycle by the initial illumination scarcely persists 
beyond the first closure phase, for it is only this phase 
which shows the strict timing evident in Fig. 1. 
Referring to the figure again, it also appears doubtful 
whether any part of the cycle but this first closure 
is indeed controlled by illumination, for although 
Binning postulates that the first effect of transfer 
to light is invariably the initiation of upward move- 
ment of the leaves, these records show that in 
Bauhinia upward movement had already begun 
before the end of long dark periods. Schwabe® has 
reported an exactly similar behaviour of stomatal 
aperture. In Talinum, on the other hand. the ‘open- 
ing’ phase that is in progress at the beginning of a 
normal light period is actually a downward move- 
ment of the leaves and this, too, begins before day- 
break. In Bauhinia the rapid opening on first 
bringing into the light has presumably nothing to do 
with the diurnal cycle on which it is superimposed, 
for a similar immediate response may be induced 
at any time of day by altering light intensity, and 
apparently without any effect on the timing of the 
subsequent closure phase. Significantly, the leaf 
position of Talinum is not detectably affected by 
change of intensity in the daytime and neither is 
there evidence of accelerated opening when this 
plant is first brought into the light. 


M. HoLtpswortTH 
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Botany Department, 
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Effect on Crop Growth of Rain after 
Prolonged Drought 
An investigation of the effect of irrigation on the 
gowth of the sugar beet crop was started in 1955 
at Woburn, Beds. Measurements of dry weight and 
leaf area were made on samples of the crop taken from 
twelve plots, six of which were irrigated. The experi- 
ment also included a comparison of two rates of 
nitrogen supply, but for the present purpose this can 
be ignored ; the results in Table 1 are means for the 
wo rates. Material was available for sampling on 
nly three occasions, as most of the crop had to be 
kept for measurement of yield at the normal time of 

harvest. 

Table 1. EFFECT OF IRRIGATION ON DRY-MATTER YIELD AND LRAF- 

«REA INDEX OF A SUGAR BEET CROP ON (1) JULY 27, (2) AUGUST 10 

anD (3) AUGUST 24, 1955, AND ON NET ASSIMILATION RATE, RELATIVE 

LEAF-GROWTH RATE, AND THE INCREMENT OF DRY-WEIGHT YIELD 
IN THE INTERVALS BETWEEN TIMES 1, 2, AND 3 





| Dry weight (gm./m.*) Leaf-area index 


| 
Time 1 2 . 4 2 3 
Irrigated | 226 531 704 | 1-43 2-35 2-60 
Notirrigated | 187 300 544 | 1:03 1:04 1-62 
$.E. 14 36 56 0-08 0-12 0-17 
— —- | —_———— _ — —_—— | = —_—- _ 
| Netassimila-| Relative leaf- Dry-weight 


tion rate growth rate increment 
(gm./m.*/week)/| (per cent per week)! (gm./m.*) 


Interval | 1-2 2-3 1-2 2-3 |1-2 2-3 
Irrigated . 2 34 26 5 | 305 173 
Notirrigated | 53 96 0 20 | 113 244 
S.E | 8 14 3 6 30 59 





No rain had fallen for three weeks before the first 
sampling on July 27, and the estimated water deficit 
on the unirrigated plots was then 4 in. On the 
irrigated plots it was kept below 1 in. by appropriate 
irrigation throughout the growth period. The dry- 
weight yield and leaf-area index (L, ratio of leaf area 
to land area) of the irrigated crop (Table 1) were 
already much greater than those of the unirrigated 
crop. There was no rain in the following fortnight, 
and at the second sampling on August 10 the 
estimated water deficit on the unirrigated plots had 
increased to 5 in.; the effect of irrigation on dry- 
weight yield had also greatly increased. The net 
assimilation rate (Z) of the irrigated plants in the 
interval between July 27 and August 10 was sig- 
nificantly greater than that of the unirrigated plants. 
On the unirrigated plots, Z did not increase during 
the interval, but it increased so much on the irrigated 
plots that on August 10 it was more than doubled 
by irrigation. Because of the large effects on both 
E and L, the increment of dry-matter yield between 
July 27 and August 10 was nearly trebled by irrigation. 

During the next two weeks, 0-6 in. of rain fell, 
but in spite of this the estimated water deficit of the 
wirrigated land had increased to nearly 6 in. on 
August 24. For the irrigated plants, # was less than 
inthe previous period, presumably because of changes 
in environmental factors other than water supply, 
but for the unirrigated plants it was greater than 
before. Consequently, in the second period the effect 
of irrigation was reversed and EF was nearly three 
times as great for the unirrigated as for the irrigated 
plants. During the second period also, L increased 
more, both absolutely and relatively, on the un- 
irrigated plots, but on August 24 it was still much 
smaller than on the irrigated plots. However, E was 
so much greater for the unirrigated plots that in 
spite of ZL being smaller the increment of dry-matter. 
Yield was larger, though not significantly, than on 
the irrigated plots. 
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These results show that, after prolonged drought, 
rainfall in amounts very small compared with the 
soil-moisture deficit, and therefore with amounts used 
in orthodox irrigation practice, caused such large 
increases both in leaf growth and in the rate of photo- 
synthesis of unirrigated plants that, temporarily, 
these plants grew faster than irrigated ones that had 
never been subjected to severe water stress. It is 
intended to repeat this work (though the same 
conditions may not recur in the field in 1956) and, 
if possible, to imitate the conditions of water supply 
in laboratory experiments. If the results are con- 
firmed, they may have an important bearing on the 
efficient use of irrigation water. 

P. C. OWEN 
D. J. WaTson 
Rothamsted Experimental Station. 
Harpenden, Herts. 
Feb. 28. 


Polymorphism and Parthenogenesis in a 
Ptinid Beetle 


Ptinus latro Fab. (1775) and P. hirtellus Sturm 
(1837) (Coleoptera, Ptinidae) have for long been 
accepted as separate, sexually dimorphic species. 
The females of the two forms are abundantly distinct, 
but no satisfactory separation character for males 
has ever been described (see Hinton’s monograph’). 

P. hirtellus has been maintained in culture at the 
Pest Infestation Laboratory for many generations 
and abundant material of both sexes has been avail- 
able for study. Attempts to obtain cultures of P. latro 
by similar methods have led to the discovery that this 
is @ parthenogenetic form of unusual type. 

Through the kind co-operation of the London area 
inspectors of the Ministry of Agriculture, Fisheries 
and Food, a few living female latro were obtained 
during November 1953. These were cultured on a 
mixture of equal parts of fishmeal and wheatmeal 
with about 5 per cent dried yeast, at 25° C. and 70 per 
cent relative humidity, and eventually seventeen 
larvee were obtained. From these, seventeen adults 
were reared, all of which proved to be female latro. 
They were separated into two groups of seven and 
ten individuals, respectively. The former were kept 
unmated until death (a matter of several months), 
whereas the latter were provided with twelve fresh 
males from a culture of hirtellus. No progeny resulted 
from the virgin females, but the mated females pro- 
duced twenty-one larve. Again exclusively female 
latro were reared. 

On the advice of Mr. R. W. Howe, of the Pest 
Infestation Laboratory, the third generation was 
cultured (with hirtellus males) at 20° C., a tempera- 
ture which he has found to be the optimal for ovi- 
position in several species of ptinids. This resulted 
in @ very large culture, and between 1,500 and 2,000 
adults, all female latro, were reared. Many thriving 
cultures are now being maintained under these 


conditions, but further experiments with virgin 
females have again failed. 
The biological findings strongly suggest that 


female latro reproduce by parthenogenesis, and this is 
supported by the extreme uniformity of the reared 
individuals. However, mating, which takes place 
very readily with male hirtellus, appears to be essen- 
tial, for we have never succeeded in rearing from 
virgin latro. Under crowded conditions, unmated 
females will lay a few eggs, but these do not hatch 
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and soon collapse. Preliminary experiments indicate 
that the mating reaction between female latro and 
male P. fur L. or male P. pusillus Sturm is weak. 
Comparatively few instances of attempted copulation 
have been observed, although a small number of 
female latro progeny have resulted from the latter 
cross. Thus, on balance, it appears that hirtellus and 
latro comprise a single polymorphic species. 

One of us (A. R. 8.) has investigated the problem 
from the cytological point of view. The work is at 
present incomplete, but the results to date show that 
the male and female hirtellus have a diploid constitu- 
tion (2n = 18); female latro has 27 chromosomes 
and is therefore a triploid. Maturation is normal in 
the male, sperms having 8+ X or 8+ Y. The 
maturation spindle forms in the unlaid egg; in 
hirtellus reduction occurs, in latro the triploid number 
is retained. Insemination of the latro female is essen- 
tial for the development of the egg but, since the 
egg does not show reduction, the sperm can play no 
part in regulation of the chromosome number. 

In order to investigate the role of the sperm, 
hirtellus males were sterilized at Harwell by exposure 
to y-radiation and mated with hirtellus and latro 
females. Copulation was normal but resulted in 
large-scale production of non-viable eggs. Thus not 
only is insemination of the latro female essential for 
oviposition but also the sperm must play some part 
in initiating activation of the egg. Full-length sperms 
have been observed in the developing hirtellus egg, 
but we are not yet certain that the sperm enters the 
latro egg. Biological and cytological evidence in- 
dicates that in Ptinus latro we are dealing with 
thelytokous parthenogenesis of a particular type— 
either gynogenesis or some form akin to it in which 
the sperm plays an even more restricted part. 

In Coleoptera thelytokous parthenogenesis occurs 
as a normal method of reproduction only in the 
Curculionidae?. So far as we are aware, partheno- 
genesis of the type described here is unique within 
the order. Further details of the biological, taxonomic 
and cytological aspects of our work will be given in 
other publications. 

This communication is published by agreement 
with the Department of Scientific and Industrial 
Research. 

B. P. Moore 
G. E. Wooprorre 


Pest Infestation Laboratory, 
Slough, Bucks. 


Ann R. SANDERSON 
Natural History Department, 
Queen’s College, 
University of St. Andrews, 
Dundee. 
Feb. 28. 


1 Hinton, H. E., Bull. Ent. Res., 31, 331 (1941). 
* Suomalainen, E., ““Advan. Genet.”, 3, 193 (1950). 


Estimation of Numbers of 
Nitrosomonas in Soil and Culture 


ATTEMPTS to estimate the numbers of nitrifying 
organisms in soil have usually been made by some 
form of dilution technique involving culture of the 
dilutions in liquid media in tubes (see ref. 1). The 
number of dilutions, and of replicate tubes at each 
dilution, that are necessary to give reliable estimates, 
makes this method extravagant of material and time. 
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Singh* developed a dilution method for estimating 

numbers of Protozoa in soil suspensions, in which 
Petri dishes, each containing a number of replicate 
disk cultures on agar, effected a great saving in both 
these respects. Attempts were made to adapt this 
method to estimating numbers of Nitrosomonas. The 
medium used was prepared from the following solv. 
tions, separately sterilized, and mixed in the propor. 
tions of 2-0 ml. each of solutions (I) and (IT) to 
12-0 ml. of (ITT). 
NaCl, 0-2 gm.; MgSO,,7H,0O, 0-05 gm.; NaH PO, 
1:2 gm.; KH,PO,, 0°6 gm.; NaHCO,, 0-1 om: 
FeSO,,7H,O, 1-0 mgm.; MnS0O,,4H,0, 1-0 wem,: 
tap water to 100 ml. ‘ 
Solution II: 0-8 per cent w/v (NH,),SO, in distilled water 


Solution III: 2-5 per cent w/v ‘Difco’ Bacto-Agar, washed for 24 hr, 
in running tap water. 


Solution I: 


Silica gel was found unsuitable owing to the 
tendency for water to form a film on the surface, 
This agar medium was used in the following dilu. 
tion technique, which was tested both with soi! and 
with liquid cultures of Nitrosomonas. Eight glass 
rings (20 mm. inside diameter, 7-8 mm. deep) are 
arranged in a Petri dish, and heat sterilized. To 
each ring 1-0 ml. of the medium is added aseptically, 
the medium being held at 52-55°. On meeting the 
cold dish and ring, the agar gels and does not spread 
beyond the ring. To ensure this, the edges of the 
rings in contact with the dish must be ground smooth. 
In this way, eight discrete disks of agar can be pro- 
duced per plate. Preliminary experiments showed 
that nitrite diffused rapidly through the agar, so that 
the separate disks must not be connected with an 
agar film. From a 1:65 suspension of the soil or 
dilution of the culture, further two-fold dilutions are 
made to give a final dilution of 1 : 81,920. One Petri 
dish is used per dilution, 0-05 ml. of which is applied 
to each of the eight disks. After inoculation the 
dishes are placed in MacIntosh and Fildes jars which 
are flushed for periods of 2 hr. daily with air drawn 
through 50 per cent v/v sulphuric acid followed by 
] per cent w/v sodium bicarbonate, in order to remove 
oxides of nitrogen found to be present in the laboratory 
atmosphere. After incubation at 18-22° for 21 days, 
the cultures are tested for nitrite by adding to each 
disk two drops each of sulphanilic acid solution 
(0-6 per cent, w/v, in 30 per cent, v/v, acetic acid), 
and N-(1-naphthyl) ethylene diamine dihydrochloride 
(0-1 per cent, w/v, in 3 per cent, v/v, acetic acid). 
These solutions must be stored in the dark. An in- 
tense red coloration indicates the presence of nitrite. 
As a check, uninoculated plates are also incubated. 
The number of organisms per ml. of original sus- 
pension may then be computed by applying Fisher's 
method of ‘negative plates’*. Singh* has prepared s 
table from which the number of organisms per ml. of 
original suspension can be obtained directly when 
the previously mentioned dilution series and eight 
replicate 0-05 ml. inocula per dilution are used. Two 
populations are significantly different in numbers if 
the number of ‘negative’ cultures varies by + 8 or 
more, that is, + 100 per cent, — 50 per cent. 

To test this technique, a suspension in saline of 
Nitrosomonas, previously counted in a hxmocyto- 
meter, was used. A dilution series of this suspension 
was applied to the disks and a parallel series inocu- 
lated into test-tubes, each containing 5 ml. of medium 
without agar, with eight replicate tubes at each 
dilution. Parallel tests were also carried out in which 
the counted suspension was added to sterilized 
Rothamsted soil and serial dilutions made from 4 
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mating Table 1 
which Hemocyto- Estimated numbers 
plicate meter Test-tube 
n both i | count — | Agar disk method method 
Dt this Experiment 1 
3. Th Saline control 500,000 311,000 650,000 
: | Soil 500,000 5,080 931,000 
y solu. (1 per cent recovery) 
* periment 2 
: Opor. | eine control 500,000 380,000 931,000 
IT) to | oil 500,000 41,400 520,000 
(8 per cent recovery) 
LHPO,, An figures represent number of organisms/gm. soil or ml. saline, 
‘1 gm.: 
— from the disk and tube dilutions obtained in two 
; 2 
oer experiments are given in Table 1. 


Both disk and tube methods gave a satisfactory 
‘ecovery’ of numbers from the suspensions in saline, 
© the FF having regard to the limited accuracy of a dilution 
iriace, BH method. The test-tube method also gave satisfactory 
dilu- § ccovery from the soil suspension ; but with disks, 
i and § rcovery was only 1 per cent and 8 per cent in the 

Sass F&F two experiments. 
>) are A recovery test was then made in unsterilized soil 
- To & to see whether sterilization of the soil had produced 
cally, J substances harmful to growth. A counted suspension 
& the fF of Nitrosomonas was added to fresh soil. Numbers 
pread were then estimated by the disk method from this 
f the FF soil and from an uninoculated control soil. In a 


ooth. later experiment, a similar test was made with the 
> pro- & tube method. The results (Table 2) again show that 
owed FF tho fresh soil has interfered with the recovery of 


that FF added numbers in the disk method, but not with the 
th an tube method. 























oil or 
iS are Table 2. RECOVERY OF Nitrosomonas FROM UNSTERILIZED SoIL 

Netinn — } 
Petri A No. oforganisms | No. of organisms estim- | 
plied | added, per gm. soil ated, per gm. soil 
1 the » 

+: A r disk technique 
vhich | aaa Gainoculahed soil 0 6,040 
rawn | Inoc ulated soil 600,000 22,400 

. he ji (3-75 per cent recovery) 
a by | Test-tube technique 
Nove | Uninoculated soil 0 59,000 

a | Inoculated soil 500,000 729,000 

atory 
lave, aa 
each These results point to some factor introduced by 
ition — the soil which interferes with growth on agar disks, 
cid), but not in test-tubes, where it is perhaps diluted out. 
ride The nature of this factor will be further investigated. 
cid). J. W. Mrm.Banxk* 
1 in- Soil Microbiology Department, 
rite. — Rothamsted Experimental Station, 
sted, Harpenden, Herts. 

gus- 
ner’s * Present address: East African Agriculture and Forestry Research 

Organization, P.O. Box 21, Kikuyu, Kenya. 

ed 8 | ‘Stevenson, I. L., and Chase, F. E., Soil Science, 76, 107 (1953). 
1. of * Singh, B. N., Ann. App. Biol., 38, 112 (1946). 


yhen ‘Fisher, R. A., and Yates, F., “Statistical Tables for Biological, 
Agricultural and Medical Research’’, 2nd edit., Table VIII, 


ight (Oliver and Boyd, London, 1943). 
Two 
rs if [7 — —— 
3 or 
Nucleus and Spindle of Bacillus megaterium 

Aes in Fission and Sporulation 
” * [IN @ recent communication in Nature, Yuasa! 
cu. | contends that the ‘side-body’ of the spores of Bacillus 
“um megaterium is identical with the spindle of the dividing 
ach yeast nucleus, and acts as such in a mitotic division 
lich | Of the bacterial nucleus. 
wad _ This is quite unacceptable for the following reasons : 

| (1) The theory of a mitotic division in B. megaterium, 


ted | *lvanced by DeLamater’, so far from being regarded 
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even as a problematical alternative to the now 
classical concept of the bacterial nucleus*, has been 
very severely criticized on both theoretical and 
practical grounds by leading authorities in all parts 
of the world‘. (2) The ‘side-body’ has now been proved 
conclusively to be an artefact caused by partial 
ejection of the turgid nuclear contents of the spore’. 

(3) The ‘large-body’ in the vegetative bacillus, which 

Yuasa claims to be identical with the ‘side-body’, 

appears from his diagrams to represent the polar 

aggregate of basophilic material associated with the 
growing tip of the cell®. 

The apparent contention of Yuasa that the authors 
whom he quotes themselves equate this structure 
in the sporing bacillus with the ‘side-body’ (that is, 
the ejected nucleus) of the spore is without founda- 
tion. 

M. H. JEyYNES 

Department of Bacteriology, 

University of Birmingham, 

Birmingham 15. 

1 Yuasa, A., Nature, 177, 386 (1956). 

? DeLamater, E. D., and Hunter, M. E., Amer. J. Bot., 38, 659 (1951). 
DeLamater, E. D., and Mudd, 8., Exp. Cell Res., 2, 499 (1951). 

® Robinow, C. F., in Dubos, R. J., “The Bacterial Cell” (Harvard, 
1945). Bisset, K. A., “The Cytology and Life History of Bacteria”, 
2nd edit. (Livingstone, Edinburgh, 1955). 

‘ Tulasne, R., and Vendrely, C., Schweiz. Z. Path. Bakt.,17, cor ee 
Clark, J. B., and Webb, R. B., J. Gen. Microbiol., 11; 394 (1954). 
Bisset, K. A., J. Bact., 67, 41 *(1954). Hale, C. M. F., Exp. Cell 
Res., 6, 243 (1954). 

Neat K. A., and Hale, C. M. F., J. Hyg., 49, 201 (1951). Robinow, 

F., J. Bact., 66, 300 (1953) ; Sixth Symp. Soc. Gen. Micro- 
biol., ‘181 (1956). 

* Bisset, K. A., J. Gen. Microbiol., 5, 155 (1951). Bergersea, F. J., 

J. Gen. Microbiol., 9, 353 (1953). 


Use of Capacity Measurements for the 
Study of Oxide Films on Metals 


Estmartes of the thickness of oxide films on metals 

have long been made by immersion in an electrolyte 
and measurement of the capacity of the condenser 
formed by the film as dielectric’. It has, however, 
been pointed out by R. Huddle (private communica- 
tion) that such measurements are liable to error if 
the film contains cracks, for these permit the electro- 
lyte to approach closer to the metal/oxide interface. 
This should cause the ‘capacity’ thickness to be less 
than that derived from measurements of gain of 
weight, for example. A rise in the capacity of anodized 
films under condition of breakdown has been reported 
by Young}. 
«This behaviour has been turned to advantage in 
the examination of the films formed in the corrosion 
of zirconium alloys. When the latter are exposed to 
water at about 300°C., the rate of corrosion, as 
measured by the gain of weight, at first falls with 
time. At a certain stage, called ‘breakaway’*, the 
film on most alloys becomes less protective, and the 
rate changes to a constant, higher, value. All the 
specimens examined in these experiments had 
suffered breakaway, except those of the alloy ‘Zircaloy 
2’ (1-5 per cent tin, 0-13 per cent iron, 0-05 per 
cent nickel, 0-12 per cent chromium, balance zir- 
conium), which is very resistant to corrosion. 

Specimens of the alloys detailed in Table 1 were 
pickled in a solution containing 45 c.c. nitric acid 
(concentrated), 5 c.c. hydrofluoric acid (48 per cent 
solution), 50 c.c. water and then weighed. After 
exposure to water at 325°C. for periods up to about 
500 hr. they were reweighed, wires were attached to 
them, and they were waxed, leaving 1 cm.* (apparent 
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Table 1 
(All quantities per cm.? apparent area) 
| 
Time 
of cor-| Weight Cc i 1 | Corrosion 
Alloy rosion gain | (uF.) Cc Cw resistance 
(hr.) | W (mgm.) | 
‘Zircaloy 2"* 72 0-1 (0-039! 26 | 260 |) 
. 144 0-3 | 0-029] 35 | 120 || goog 
228 0-3 0-029] 35 mi 
ea 520 0:3 0-025; 40 130 J 
1 per cent | 
chromium, 
balance o 
zirconium =| 72 1-0 0-093; 11 il 1} 
| 144 2-8 0-257; 3:9 1-4 } 
228 4°7 10-129; 7-8 | 1-7 
a 520 11 0-392 | 2-6 0-24) 
Are-melted | | 
‘Kroll io 
zirconium 72 0-5 0-143; 7-0] 14 | mediate 
144 1-3 | 0-135] 7-4] 5-7 
228 2-1 0-140; 7:1 3-4 
a 520 3°7 0-179 5-6 1-5 
| 2-5 per cent 4 
| tantalum, 
balance i 
zirconium 72 1:3 0-404 2-5 1-9 
it 520 ? flaked | 0-526) 1-9 } 
| 0-25 per cent | — 
| aluminium, | { 
| balance | 
} zirconium |; 72 |™7,, 0-726; 1:4) ~02 {J 
| ‘Zircaloy 2’, | 
500° C. | 190 2:1 | 0-014/ 71 34 





* 1-5 per cent tin, 0-13 per cent iron, 0-05 per cent nickel, 0-12 per 
cent chromium, balance zirconium. 


area) bare. They were immersed in N/I1 sulphuric 
acid, together with a platinized platinum electrode, 
and the impedance of this cell was measured at 
1,000 ¢./s. using a Wien-type bridge with Wagner 
earth. Arrangements were made to keep the specimens 
at a constant, arbitrary, potential of + 1-00 V. 
(saturated calomel). The a.c. voltage impressed on 
the cell was not more than a few centivolts (r.m.s.). 
The cell impedance was expressed as a resistance and 
capacity in series. The observed capacity values 
were much smaller than that of the double-layer 
capacity on metal surfaces, so that the latter, and the 
capacity of the platinum electrode, which are both 
in series with the film capacity, could be neglected. 
The resistance represents that of the electrolyte, 
which was kept low by the use of a solution of high 
conductance, together with a contribution from the 
oxide film which has recently been more fully treated 
by Young!. 

The capacity results are given in Table 1, together 
with their reciprocals (which are a measure of 
‘capacity’ thickness) and the gain of weight. Since 
adherent films were formed in all but two cases, the 
latter give valid measures of ‘weight’ thickness. The 
comparison of ‘weight’ and ‘capacity’ thickness, 
obtained by evaluating 1/C.W (C in microfarads/ 
cm.?, W in mgm./cm.?), gives figures which sharply 
discriminate between ‘Zircaloy 2’ and the less resistant 
alloys, suggesting that the films on the latter are 
considerably cracked whereas those on ‘Zircaloy 2’ 
contain few cracks, or, possibly, no cracks at all. 
This view is supported by the dependence of capacity 
on time. With ‘Zircaloy 2’ the capacity quickly 
settled to a value which remained steady for many 
hours ; but with the other materials an upward drift 
began when the specimen was immersed in the electro- 
lyte and was still perceptible 24 hr. later. This is con- 
sistent with the slow penetration of the electrolyte 
into a cracked film. That it is possible, under more 
drastic conditions, to reduce the ‘soundness’ of the 
film on ‘Zircaloy 2’ is shown by the results for a 
specimen exposed to superheated steam at 500°C. and 
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1 atmosphere pressure. This specimen also showed 
an upward drift of capacity with time. 

Some capacity measurements were also maile a} 
other frequencies, 60-5,000 c./s. The dependence of 
resistance and capacity on frequency for both 
‘Zircaloy 2’ and other alloys conformed approximately 
to the relations derived by Young! for craci<-free 
films. 

If the films on ‘Zirealoy 2’ are assumed to be entirely 
crack-free, their theoretical capacities may bv cal. 
culated approximately, using Charlesby’s® value 0 
27 for the dielectric constant and a density of 
5-7 for zirconium oxide. Then C = 3-5 x 10-° o2/Wy 


uF. /apparent cm.* (o is true area/apparent area). If 


the calculated and observed capacities of the 520-h:, 
film are equated, o is found to be about 1-5. Adams, 
Maraghini and Van Rysselberghe* reported o to be 
2-1 + 0-2 for abraded zirconium and, in comparison 
with this, a value of 1-5 for a bright pickled surfac 
seems reasonable. 

These measurements suggest that after ‘breakaway’ 
the oxide film on zirconium alloys consists of an 
outer cracked portion into which water can penetrate, 
and an inner, crack-free portion which controls thy 
rate of corrosion. 

The results obtained with zirconium alloys suggest 
capacity measurement as a useful method of studying 
the protective character, as distinct from the thick- 
ness, of oxide films formed by corrosion and oxidation, 


J. N. WANKLYN 
Metallurgy Division, 
Atomic Energy Research Establishment, 
Harwell, 
Didcot, Berks. 
Dec. 9. 


‘Young, L., Trans. Farad. Soc., 51, 1250 (1955). 
* Thomas, D. E., “‘The Metallurgy of Zirconium’’, 608, edit. Lustmar 
and Kerze (McGraw-Hill, 1955). 
? Charlesby, A., A.E.R.E., M/R 1176 (1953). 
. ae B., Maraghini, M., and Van Rysselberghe, P., AECU.2918 
954). 


The Standard of Length and the Standard 
of Time 


THE interesting communication in Nature of 
December 24, p. 1230, from Dr. G. M. Clemence’, 
under the title “Definition of the Second of Time”, 
has suggested to me some comments. 

First of all, there is, in the first line of the second 
column, a slight error: the number of microns in 
1 metre cannot be subject to experimental determina. 
tion. The micron, which is sometimes called the 
‘micro-metre’, is, by definition, the millionth part 
of the metre. What is meant is the ‘angstrém’, A.; 
the angstrém being related to wave-length, by the 
expression A. = pn, Sa 

6438 -4696 
cadmium line in standard air. 

However, precautions were taken to avoid having 
two units of length, and the angstrém will remain 
what it is nowadays, equal to 10-!° m. (personally, 
I hope it will disappear). Indeed, we know that (due 
to what is unquestionably a lucky chance) the average 
of the values obtained by various experimenters, 
since the work of Benoit-Fabry—Perot, for the wave- 
length of red cadmium in standard air is exactly 
0-643 846 96u, the very value which was given by 
Benoit—Fabry—Perot. 


wave-length of the red 
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Now, the Comité International des Poids et Mesures 

has already adopted a Recommendation of its Comité 
Consultatif pour la Définition du Métre,-which reads 
as follows: “In view of giving the unit of length 
a continuity as perfect as possible, when going to 
the contemplated definition, it is recommended to 
work out the latter, by using, as an intermediate 
step, the value 0-643 846 96 10-§ m. for the 
wave-length of the red-cadmium line, as specified 
by the 7th Conférence Générale des Poids et 
Mesures’’. 

This means that, to the limit of accuracy which 
may be reached at present (and I wish to add, to 
the limit of accuracy which can be reached by the 
present prototype line standard), the metre, defined 
by means of the wave-length, will be strictly equal 
to the present: metre defined by means of the plat- 
inum-iridium prototype. The standard will have 
been changed, but the unit wili not have been changed 
and this unit will remain the same for all users, as 
the one and only unit of length, but defined by means 
of a wave-length. 

It will be the same—at least I hope so—for the 
wit of interval of time. When we are assured of 
the permanency of an atomic frequency, and physic- 
ists, in agreement with astronomers, take such a 
frequency as a standard, then they will do it so as 
to determine exactly the number N, for an interval 
t such that : 

Nt = 1/31 556 925-974 74 tropical year 1900.0 = 
the second, the tropical year 1900.0 being derived 
from the tropical year for the time being by applying 
corrections always known. Until this clock is con- 
firmed to be permanent (perpetual and endless), 
we shall have to consider that atomic frequency 
is just a wonderful interpolation tool—or, if we like, 
a recorder of the standard—but not as a standard 
itself. In the same manner, the wave-length is still 
a recorder of the metric unit, It would be nonsense to 
have one standard for short times and another one 
for very long times. 

The standard of interval of time will have been 
changed ; it will be ¢ instead of the tropical year 
1900.0 (in practice, the tropical year of the time 
being); but the unit, for everyone whatever his 
branch of learning may be, will be exactly the same : 
the ‘second’, the one and only unit of time. The 
change of standard would not, of course, prevent 
physicists (or astronomers), after the changes have 
been made, from carrying out very interesting ex- 
periments, in order to determine the possible slight 
variations of old standards, expressed in the new 
units recognized as absolute invariants. 

It does not appear that the simultaneous existence 
of two units extremely close to each other has serious 
drawbacks. We have already experienced those 
drawbacks with units of volume (cubic decimetre 
and litre). But we are still feeling those drawbacks 
and we hope to remove them by means of the new 
French law which is now in preparation. 

It is true that the unit of length and the unit of 
time will no longer be independent. But I think 
we can leave it to the third generation of our successors 
to adjust the definitions of the metre and the second 
with the sufficiently accurate value that they will 
have then been able to obtain for the velocity of 
light. It will be, as it is even now, a question of 
accuracy. 

What follows in Dr. Clemence’s communication is 
a matter of astronomy, and there I declare myself 
incompetent. 
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Dr. Clemence has seen the present communication, 
and desires me to say that he regrets his error in 
confusing the micron with the angstrém, while still 
asserting the principle of his argument. Further, 
he agrees completely with my views, with the exception 
of the question of the desirability of changing the 
definition of the metre, which he has not studied 
sufficiently to form a competent opinion. 
ALBERT PFERARD 
(Membre de l’Académie des Sciences, 
Directeur Honoraire du 
Bureau International des Poids et Mesures) 
29 Rue Jouvenet, 
Paris, 16. March 14. 


Thermal Conductivity of Solid Argon 
at Low Temperatures 


VaLuEs which are fairly reproducible for the 
thermal conductivity K of an inert gas solid, argon, 
have been obtained over a range of temperatures from 
2° to 25° K., corresponding to temperatures 6/40—6/3 
since the Debye characteristic temperature 6 for 
solid argon is about 80°K. These measurements 
were made by filling a thin-walled ‘Inconel’ tube of 
diameter 0-5 in. and length about 3 in. with argon 
at a temperature of approximately 78° K., through 
a capillary tube. During filling, the gas pressure was 
maintained above the triple-point pressure to ensure 
that liquid argon was produced in the specimen tube, 
and this gradually solidified from the bottom and 
from the walls of the tube to produce a homogeneous 
solid. The ‘Inconel’ tube, for the thermal conduc- 
tivity of which small corrections were applied to 
the results, was mounted in a thermal conductivity 
cryostat described previously by White and Woods’. 

As shown in Fig. 1, the thermal conductivity of 
solid argon from the lowest temperatures rises 
approximately as T* to a maximum value of 0-045 
watts/cm. deg. at 7° K. and then decreases. Above 
15° K., the conductivity may be approximately 
expressed by K ~ 0-28/7' watts/em. deg. It is 
interesting to compare this latter relation with the 
formula proposed by Dugdale and MacDonald? for 
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Fig. 1. Thermal conductivity of solid argon at low temperatures 
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the lattice thermal conductivity of a simple dielectric 
solid in the temperature region (7' ~ 6), where 
anharmonic coupling between the lattice waves is 
the dominant cause of thermal resistance, namely, 
mas v.C.A o/ayT 

3 

Substituting experimental values for the specific 
heat per unit volume C, the lattice constant A», 
the velocity of sound v, the thermal expansion 
coefficient «*, and a probable value of ~ 2-5 for the 
Griineisen constant +‘, K ~ 0-4/7 watts/em. deg. 
is obtained. 

Thermal resistance due to the scattering of lattice 
waves by grain boundaries, static imperfections, etc., 
has been discussed by Berman* and Klemens*. The 
temperature dependence of our results and the small 
magnitude of the conductivity at temperatures below 
6° K., suggesting a mean free path ~ 10-4 cm., seem 
to indicate that the dominant mechanism producing 
thermal resistance below the maximum is that of 
scattering by dislocations. 

Previous measurements by Webb and Wilks’ on 
solid helium indicated that at very low temperatures 
K « T** and just above the maximum in the so- 
called umklapp region K ~ A e%T, where 6 ~ 2. 
We suggest that in the case of argon, the conductivity 
in this region is considerably reduced by the presence 
of dislocations or other static imperfections, which 
would mask such temperature dependence. However, 
it is intended to continue this research and extend 
it to other inert gas solids, and a fuller account of 
the methods and results will be published elsewhere, 

G. K. WHITE 
S. B. Woops 
Division of Pure Physics, 
National Research Council, 
Ottawa, Canada. 
March 19. 


1 White, G. K., and Woods, S. B., Canad. J. Phys., 38, 58 (1955). 

? Dugdale, J. S.,and MacDonald, D. K. C., Phys. Rev., 98, 1751 (1955). 
* Barker, J. R., and Dodds, E. R., Phil. Mag., 46, 1069-(1955). 

* Barron, T. H. K. (private communication). 

* Berman, R., Phil. Mag., Supp. 2, 103 (1953). 

* Klemens, P. G., Proc. Phys. Soc., A, 68, 1113 (1955). 

? Webb, F. J., and Wilks, J., Phil. Mag., 44, 663 (1953). 


Dependence of the Elastic Properties 
of Cadmium on Temperature 


Yousef and Kamel! have studied Young’s modulus 
and the internal friction of cadmium as a function 
of temperature at 50 cycles per second. Young’s 
modulus vs. temperature curve of polycrystalline 
cadmium shows @ sharp break at about 80° C., while 
the same metal in the single-crystal form behaves in 
a normal manner, This suggests that it may be due 
to stress relaxation at grain boundaries. One would 
then expect a higher transition temperature at higher 
frequencies. The same behaviour would also be 
expected in the case of the rigidity modulus. The 
variation of the elastic constants of polycrystalline 
cadmium with temperature at 100 kc./s. has therefore 
been studied. 

Specimen rods of rectangular and cylindrical 
cross-sections are cut from 99 per cent pure cadmium 
supplied by B.D.H., Ltd. Natural frequencies, 


longitudinal and torsional, of the specimens are 
measured as a function of temperature, using the 
composite oscillator 


method?; the results are 
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presented in Fig. 1. The square of the natural fre- 
quency is taken as a measure of the related elastic 
constant. 
(frequency)? vs. temperature curves occurs at 130° ©. 
Bordoni and Nuovo® measured the velocity of longi- 
tudinal waves in cadmium as a function of tempera- 
ture at 9 ke./s. Their results show a transition at 
127° C. Thus the transition temperature is dependent 
on frequency and increases with it. 

The activation energy associated with the above 
phenomena has been calculated using the transition 
temperatures from elasticity data at 50 c./s. and 
100 ke./s. and is found to be 40,000 cal./mole. This 
may be regarded as in fair agreement with the value, 
32,000 cal./mole, calculated from internal friction 
data by Yousef and Kamel. 

Absence of the transition phenomena in the single 
crystal and its dependence upon frequency in poly- 
crystalline cadmium proves that the mechanism 
involved is stress relaxation at the grain boundaries. 

I thank Prof. 8. Bhagavantam for his guidance 
and encouragement during the course of this work. 

S. V. SUBRAHMANYAM 

Physical Laboratories, 

Osmania University, 

Hyderabad. 
Dec. 17. 
1 Yousef, Y. L., and Kamel, R., J. App. Phys., 25, 1064 (1954). 
* Subrahmanyam, 8. V., J. Chem. Phys., 22, 1562 (1954). 
* Bordoni, P. G., and Nuovo, M., Nuovo Cimento, 10, 386 (1953). 


Olefin Complexes of Rhodium 


SrTaBxE olefin complexes are formed only by metals 
near the end of each transition series in the Periodic 
Table, and these metals form a triangle in the Table, 
Cu(I) ; Pd(II), Ag(I) ; Pt(II), {Au(I) }, Hg(II). It is 
characteristic of the complex chemistry of metals 
inside the triangle that they tend to form stronger 
complexes with ligands containing donor atoms from 
the third or subsequent rows of the Periodic Table 
than with the corresponding ligands containing donor 
atoms from the second row (counting ‘hydrogen and 
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helium as the first row)!. This rule of co-ordination 
chemistry also extends to metals bordering on the 
‘lefin-complex triangle’, especially to the metals to 
the left of the triangle. It seems reasonable to 
expect, therefore, that the triangle might eventually 
be extended to the left in the Periodic Table. With 
this object in view, we are attempting to obtain 
olefin complexes of cobalt, rhodium, iridium, iron, 
ruthenium and osmium, using the strongly chelating 
di-olefin, 1 : 5-eyclo-octadiene, and are now reporting 
briefly a series of rhodium complexes. When an 
ethanolic solution of rhodium chloride (RhCI,) to 
which 1: 5-cyclo-octadiene (C,H,,) has been added 
is boiled under reflux, a very stable yellow crystalline 
slid of the composition C,H ,,RhCl is deposited. It is 
diamagnetic and dimeric, and so must have the 
chloro-bridged structure (I), in which the metal will 
have square planar (dsp*) co-ordination. When it is 
treated with an amine, am, the bridge is split to 
give mononuclear complexes of the type (II). 
Derivatives of (CgH,.),.Rh,Cl, (I) in which the chlorine 
atom is replaced by other univalent acid radicals, 
for example, bromine, iodine and SEt, were prepared. 
The stability of the derivatives falls rapidly in the 
order Cl > Br > I > SEt, as would be expected, 
since this is the order of increasing trans-effect of 
these acid radicals. 


a 


(I) Proposed structure of (CgH,,),;Rh,Cl, The dotted lines 

representing bonds between the olefinic double bonds and the 

metal are intended to imply a scheme of bonding such as has 
been suggested in the ion [(C,H,PtCl,]~ (see ref. 4) 


Cl 
rs. Oa a 
C,H, Rh 
bs a 
am 


(II) 


A novel derivative C,H,,RhC,H, (III), in which 
the metal atom is co-ordinated by nine carbon atoms, 
has been prepared by treating (I) with cyclopenta- 
dienyl sodium. It is a beautifully crystalline solid, 
melting at 108°C. without decomposition, is mono- 
meric, and is readily soluble in organic solvents. It is 
interesting because very few types of purely hydro- 
carbon co-ordination compounds are known, and 
until recently those few, for example, { (CH,),Pt}, 
and the metal biscyclopentadienyls, have all contained 
hydrocarbons as anionic ligands. Very recently, 
Fischer? has described some purely hydrocarbon com- 
plexes which contain only uncharged hydrocarbon 
ligands, for example, dibenzenechromium, (C,H,),Cr. 
In the complex (III) we have both uncharged and 
anionic hydrocarbons as sole ligands in a metallic com- 
plex. The compound is analogous to (CO),CoC;H, °, 


_ in which the cobalt atom has been replaced by 











rhodium and the two carbon monoxide molecules by 
the di-olefin. 

Attempts to prepare cationic and anionic olefin 
complexes of rhodium, such as [C,H,,Rham,]*+ and 


(CsH,2RhCl,]-, indicate their possible existence ; 
' indeed, a pure salt [C,H,,Rh {(NHEt),C,H,}] [BPh,] 
_ has been isolated, but all the anionic complexes which 


we have tried to prepare up to the present have proved 
unstable. 
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(III) Proposed structure of CgH,,.RhC,H,;. The bond between 

the rhodium atom and cyclopentadieny] anion will be of the same 

type as occurs in ferrocene, but its exact nature is still con- 

troversial (for example, see Pauson, Quart. Rev., 9, 391 (1955) 
and references quoted therein) 


It is interesting that Rh(I), which is isoelectronic 
with Pd(II) but not of common occurrence in 
rhodium compounds, should occur in the olefin com- 
plexes. In Rh(I) the rhodium atom is in the highest 
valency state, where all its d-orbitals can be filled 
and a vacant p-orbital remain. The dimagnetism of 
(C,H,.)2Rh,Cl, (I) confirms that electronic arrange- 
ment. This suggests that the vacant p-orbital is 
necessary to provide sufficiently strong dative 
m-bonding (by dp-hybridization) to bind the olefin 
to the metal‘. 

Full details of this work and a discussion on the 
general structure of olefin complexes will appear in 
due course elsewhere. We are greatly indebted to 
Imperial Chemical Industries, Limited, Billingham 
Division, for a gift of the cyclo-octadiene used in the 
above investigation. 

J. CHATT 
L. M. VENANZI 
Imperial Chemical Industries, Ltd., 
Akers Research Laboratories, 
The Frythe, 
Welwyn, Herts. 
Jan. 2. 


1 See Leden and Chatt, J. Chem. Soc., 2936 (1955). 

* Fischer, E. O., scientific meeting of the Chemical Society, at Burling- 
ton House, London, Dec. 15, 1955. 

* Fischer and Hafner, Z. Naturforsch., 10b, 140 (1955). 

‘Cf. Chatt and Duncanson, J. Chem. Soc., 2939 (1952). 


Boundary Problems in the Sedimentation 
and Electrophoresis of Complex Systems in 
Rapid Reversible Equilibrium 


Many problems of current interest, for example, the 
dissociation of nucleoproteins, the reaction of antigens 
with antibodies, and the combination of proteolytic 
enzymes with inhibitors, to mention only a few, are 
at first sight open to attack by the conventional 
methods of sedimentation and electrophoresis. To a 
greater or less extent, however, in all these instances, 
instead of the underlying process of differential 
transport leading to a simple resolution of the com- 
ponents at the boundaries between solution and 
solvent, the situation is confused by re-equilibration 
as the reactants and products tend to be separated 
from one another. This effect has been much 
discussed!-*, but an exact theoretical treatment of 
the general case seems to be prohibitively difficult if 
all factors, including the finite rate of approach to 
equilibrium and the simultaneous spread of the 
boundaries through diffusion, are taken into account. 
Even so, Ogston and Field* have calculated the form 
of the sedimentation boundary by numerical methods 
for the particular case of the dissociation of human 
hemoglobin. 

In these circumstances, it is a considerable help 
to have a treatment for an idealized system in which 
diffusion is ignored, and in which equilibrium is taken 
as being attained instantaneously. The interpretation 
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of experiments with actual systems can then be 
carried out by analogy. This approach proved useful 
recently* for interpreting the sedimentation of 
a-chymotrypsin' and mercuripapain® under con- 
ditions where reversible polymerization occurs, and 
it is now extended to the more general case of two 
substances, A and B, reacting reversibly to form a 
third, C, in accordance with the equation A+B=C. 

Consider a boundary between solution and solvent 
after transport by electrophoresis or sedimentation 
has occurred for a time ¢ sec. Assume that the 
boundary is sharp at ¢ = 0, and measure distance, 2, 
from the initial position of the boundary, and in the 
direction of the solution. Let the respective velocities 
of A, B and C be v4, vg and %¢ in the direction of z, 
and let the molar concentrations of A, B and C be 
Go, 6, and c, in the unchanged body of the solution, 
and a, 6 and ¢ at x. Equilibrium will be assumed 
to be governed by the equation a.b = k.c, where k 
is & constant. 

The rate of change of concentration with time at 
any point in the boundary where A, B and C co-exist 
is the combined result of the migration and the 
reaction of each of the species. Since mass is con- 
served, it follows that : 

da Oa ab —«, Ob _ dc ,, dc 
: sk &° WS a Ca 

It will be shown elsewhere that these partial 

differential equations can be solved to give 
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® is a constant determined by ay, b, and cy. The 
concentration gradients 0a/0x, 0b/dx and dc/dx, which 
determine the schlieren patterns seen during optical 
analysis of the boundaries, are readily obtained by 
differentiation of the respective engeeniions for a, b 
and c. 

The detailed application of these equations cannot 
be discussed here ; but to give an indication of their 
use, the shape of the sedimentation boundary has 
been worked out for an example in which, for illus- 
tration, a», b, and c, and k have been given the 
respective values of 2-0, 1-0, 1-0 and 2-0 moles/litre x 
10‘, and vc, v4 and vg the respective values of 14, 
10 and 8 Svedberg units. 

The boundary is found to keep its essential shape 
and merely to stretch out with time. It can therefore 
be represented by a ‘reduced’ form in which concentra- 
tion, or alternatively the derivative of concentration, 
is plotted as ordinate against sedimentation coeffi- 
cient as abscissa (see Fig. 1). 

Dotted lines show the contribution each constituent 
would, make to the boundary if no re-equilibration 
occurred. They demonstrate how completely the 
form of the boundary is changed by re-equilibration. 
Among the points to notice are: (1) the value of 
the concentration of B that would be deduced from 


and ?. 
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Fig. 1. Sedimentation of a complex molecule C in equilibrium with 

its components A and B. ~———, Calculated concentration 

assuming re-eqguilibration without diffusion. Blocked areas 

represent contributions to the schlieren = (refractive 

index factors not included). calculated concentration 
assuming no re-equilibration or diffusion 


the slow peak at S = 8-0 units is 0-26 x 10°*M 
compared with the true equilibrium value of 1-0 » 
10-* M ; (2) although two-thirds of A is uncombined, 
there is no peak corresponding to the sedimentation 
constant of A at S = 10; (3) the broad peak stretch. 
ing from S = 10-5 to S = 12-0 suggests the presence 
of two complexes; (4) there is no peak at S = 14 
in spite of the presence of complex having that 
sedimentation constant. 

In this example, therefore, an interpretation of 
the sedimentation pattern which neglected the effect 
of re-equilibrium would lead to a wrong estimate of 
the nature of the complex present and of the con- 
centrations of the uncombined constituents. 

We are indebted to Prof. R. E. Peierls for his 
advice and interest. One of us (R. C. Ll. J.) 
acknowledges the award of a maintenance grant from 
the Department of Scientific and Industrial Research. 

G. A. GILBERT 
R. C. Lu. JENKINS 
Department of Chemistry, and 
Department of Mathematical Physics, 
The University, 
Edgbaston, Birmingham 15. 
Dec. 19. 


1 Tiselius, A., Nova Acta Soc. Sci. Upsal., IV, 7, No. 4, 1 (1930). 

8 lon L. G., and MacInnes, D. A., J. Gen. Physiol., 25, 50 

* Field, E. O., and Ogston, A. G., Biochem. J., 60, 661 (1955). 

* Gilbert, G. A., Dise. Faraday Soc., (20, 68 (1955) ]. 

* Massey, V. Harrington W. F., and Hartley, B. S., Dise. Faraday 
Soe., (26, 24 (1955) }. 

* Smith, 'E. 


207, 533 (1954). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, May 7 


ROYAL SOCIETY OF MEDICINE, EXPERIMENTAL MEDICINE AND 
THERAPEUTICS SECTION (at 1 Wimpole Street, London, W.1), at 2 p.m. 
Annual General Meeting; followed by a Symposium on ‘‘Anti- 
tumour Agents’’. 


INSTITUTION OF Post OFFICE ELECTRICAL ENGINEERS (at the 
Institution of Electrical Engineers, Savoy Place, Victoria Embank- 
ment, London, W.C.2), at 5 p.m.—Annual General Meeting ; Mr. C. F, 
Floyd : , An Introduction to Microwaves and Waveguide Trans- 
mission’’. 

RoYAL Society OF Arts (at John Adam Street, Adelphi, London, 
W.C.2), at 6 p.m.—Prof. T, 8. Simey: ‘Class Conflict and Social 
Mobility”. (First of three Cantor Lecures on ‘Some Recent Studies 
of Sociology’’.) 

SocIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at the Chemical 
Society, Burlin ton House, Piccadilly, London, W.1), at 6.15 p.m.— 
Annual General Meeting; Dr. W. P. Grove: “The Radiochemical 
Centre at Amersham’”’, 


Tuesday, May 8 


WRIGHT-FLEMING INSTITUTE OF MICROBIOLOGY (at St. Mary’s 
Hospital Medical School, London, W.2), at 5 p.m.—Prof. L. Pillemer 
—," “The Nature of the Properdin System” (Almroth Wright 
ecture). 

ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 5 p.m.—Scientifie Papers. 
INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Mr. J. Bell : “Ship Stabilization: Automatic Controls, Computed 
and in Practice’’, 

_ UNIVERSITY COLLEGE, LONDON (in the Anatomy Theatre, Gower 
Street, London, W.C.1), at 5.30 p.m.—Dr. Luther H. Evans: “Certain 
International Aspects of Librarianship”.* 


Tuesday, May 8—Thursday, May 10 


PERKIN CENTENARY CELEBRATION (at the Royal 
Albemarle Street, London, W.1). 


Tuesday, May 8 
At 3 p.m. 

Perkin”. 

Wednesday, May 9 


At 11 a.m.—Mr. Clifford Paine: ‘‘The Development of the Dye- 
stuffs Industry’’, 


At 3 p.m.—Mr. J. G. Evans: 
Thursday, May 10 
At 11 a.m.—Sir Alexander R. Todd, F.R.S.: 
of Organie Chemistry since Perkin’s Discovery”. 
Wednesday, May 9 


: RoyaL AERONAUTICAL Society (at the Institution of Civil Engineers, 
Great George Street, London, $.W.1), at 10 a.m.—All-Day Section 
Discussion on “Supersonic Flight’’. ° 
Roya SocIETY OF ARTS (at John Adam Street, Adelphi, London, 
a 2.30 p.m.—The Right Hon. the Earl of Halsbury: ‘“Auto- 
on. r 


INSTITUTE OF PETROLEUM (at 26 Portland 


Institution, 


Prof. John Read, F.R.S.: “The Life and Work of 


“The Tinctorial Arts To-day”. 


“The Development 


Place, London, W.1), 
France” “Recent Oil Development in 


; NEWCOMEN Society (in the Lecture Theatre of the Science Museum, 
South Kensington, London, S.W.7), at 6 p.m.—Dr. Joseph Needham, 
F.R.S. : [ron and Steel Production in Ancient and Medieval China”. 
(Second Dickinson Biennial Memorial Lecture.) 


, 306 IETY OF CHEMICAL INDUSTRY, Foop Group (at the Chemical 
Society, Burlington House, Piccadilly, London, W.1), at 6.15 p.m.— 
Annual General Meeting. 6.45 p.m.—Dr. Norman C. Wright: 
National Taste and National Waste”. 


Thursday, May 10 


Roy \L AERONAUTICAL SOCIETY, GRADUATES’ 
SECTION (at 4 Hamilton Place, London, W.1), 
Frederick Handley Page : 
and the Future’. 


AND STUDENTS’ 
> at 7.30 p.m.—Sir 
“Some Thoughts on Present-Day Aircraft 


Friday, May II 


ROYAL ASTRONOMICAL SociETYy (at Burlington House, Piccadilly: 
London, W.1), at 4.30 p.m.—Scientific Papers. : — 


9 ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
3 p.m.—Prof. H. 8. W. Massey, F.R.S.: “The Exploration of the 
Upper Atmosphere”. 


Saturday, May 12 
‘ BRITISH PSYCHOLOGICAL SOCIETY, SOCIAL PSYCHOLOGY SECTION 
= Bedford College, Regent’s Park, London, N.W.1), at 2.15 p.m.— 
Symposium on “Personality and its Social Setting”. 
_ BRITISH PSYCHOLOGICAL SocteTy (in the Gustave Tuck Theatre, 


University College, Gower Street, London, W.C.1), at 2.30 p.m.— 
t. J. O. Wisdom: ‘Models for the Mind-Body Relationship”. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ORGANIC CHEMIST (with a good honours degree (or equivalent) in 
chemistry and preferably experience in analytical technique) IN THE 
CoAL SURVEY LABORATORY in Sheffield, for investigations of the 
complex character of coals—National Coal Board, Staff Department, 
ao _—e Grosvenor Place, London, S.W.1, quoting SS/257 
(May 11). 

ASSISTANT LECTURER (Grade B) IN Puysics at Brighton Technical 
Coll Director of Education, County Borough of Brighton Educa- 
tion Committee, 54 Old Steine, Brighton 1 (May 12). 

ASSISTANT LECTURER (with a university degree or diploma in 
horticulture, and a sound knowledge of practical horticulture) IN 
HoRTICULTURE—Principal Agricultural Officer, Lancashire County 
Institute of Agriculture, Hutton, near Preston (May 12). 

JUNIOR CHEMIST (with a B.Sc. degree or an A.R.1.C. qualification) 
ON THE ENGINEER’S STAFF, for analytical and experimental work 
concerned with sewage purification and sludge disposal—Clerk to 
the Board, Birmingham Tame and Rea District Drainage Board, 
Clerk’s Office, 115-117 Colmore Row, Birmingham 3 (May 12). 

LECTURER or ASSISTANT LECTURER IN PHYSIOLOGY—The Regis- 
trar, The University, Sheffield (May 12). 

LECTURER (with at least a good honours degree and capable of 
teaching to B.Sc. (special) or A.R.1.C. standard, and preferably with 
industrial, teaching and/or research experience) IN PHYSICAL AND/OR 
INORGANIC CHEMISTRY—The Principal, Stockport College for Further 
Education, Wellington Road, South Stockport (May 12). 

PRINCIPAL LECTURER IN APPLIED CHEMISTRY, SENIOR LECTURER 
IN RADAR AND TELECOMMUNICATIONS OR ELECTRONIC INSTRUMENTA- 
TION, SENIOR LECTURER IN ENGINEERING PHYSICS, SENIOR LECTURER 
or LECTURER IN MECHANICAL ENGINEERING: APPLIED THERMO- 
DYNAMICS, SENIOR LECTURERS or LECTURERS (2 or more) IN ELEc- 
TRONICS, SENIOR LECTURER or LECTURER IN CHEMISTRY, and a 
SENIOR LECTURER or LECTURER IN Puysics, at the Royal Military 
College of Science, Shrivenham—Civil Service Commission, Scientific 
Branch, 30 Old Burlington Street, London, W.1, quoting Ref. No. 
$.4584/56/8 (May 12). " 

ASSISTANT LECTURER (preferably with special qualifications and 
experience in poultry husbandry) IN ANIMAL HUSBANDRY at the 
School of iculture, Sutton Bonington, near Loughborough—The 
Registrar, The University, Nottingham (May 19). 

LECTURER IN EL&CTRICAL ENGINEERING—The Registrar, The 
University, Sheffield (May 19). es 

LECTURER IN MATHEMATICS—The Secretary, The University, 
Aberdeen (May 19). ’ 

LECTURER (with a special qualification in applied mathematics, 
and preferably an interest in fluid dynamics) IN MATHEMATICS—The 
Registrar, The University, Manchester (May 19). 

ASSISTANT LECTURER and a LECTURER IN THE DEPARTMENT OF 
ine as) MATHEMATICS—The Registrar, The University, Liverpool 
(May 23). 

LECTURER (with a special qualification in organic chemistry and 
undertaken independent research in some branch of this subject) 
IN CHEMISTRY—The Registrar, The University, Reading (May 25). 

ASSISTANT LECTURER or LECTURER (with special qualifications in 
stratigraphy and/or paleontology) IN GEoLOGY—The Registrar, The 
University, Sheffield (May 26). . 

HENRY BELL WoRTLEY CHAIR OF METALLURGY—The Registrar, 
The University, Liverpool (May 26). : 

SENIOR LECTURER or LECTURER IN BIOCHEMISTRY—The Registrar, 
The University, Sheffield (May 26). 

ASSISTANT LECTURER IN CHEMISTRY, and a RESEARCH ASSISTANT 
IN THE DEPARTMENT OF CHEMISTRY—The Registrar, The University, 
Manchester 13 (May 28). 2 4 

ASSISTANT LECTURER (preferably with an interest in economic 
geography) IN GEOGRAPHY—The Registrar, University College, 
Leicester (May 31). : 

ENGINEER (with an honours degree or equivalent in physics or 
electrical engineering, and experience in the design and construction 
of electronic apparatus) IN CHARGE OF NUCLEAR EQUIPMENT—Dr. 
F. B. Kipping, University Chemical Laboratory, Pembroke Street, 
Cambridge (May 31). 

LECTURER IN EXPERIMENTAL PHYSICS OF THE SOLID STATE, and 
RESEARCH FELLOWS and STUDENTS IN EXPERIMENTAL SOLID STATE 
Puysics—Professor of Natural Philosophy, The University, Glasgow, 
W.2 (May 31). 

ASSISTANT LECTURERS (2) (honours graduates in chemistry with 
research experience) IN CHEMISTRY—The Registrar, College of Tech- 
nology, Manchester 1 (June 1). 

LECTURER (with an honours degree in physics and postgraduate 
research experience) IN PuHysics, at the University of Western 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, June 1). 

LECTURERS (2) IN MECHANICAL OR PRODUCTION ENGINEERING— 
The Registrar, College of Technology, Manchester 1 (June 1). 

SENIOR LECTURER IN GENERAL AND SOcIAL PsycHoLoey at the 
University of Melbourne, Australia—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia, June 30). 

ABSTRACTOR, Scientific Assistant grade (graduate, under 32 years 
of age, with a good reading knowledge of Russian, also preferably 
other Slav and unusual languages, and a knowledge of plant biology) 
—Commonwealth Forestry Bureau, South Parks Road, Oxford. 

ASSISTANT LECTURER (Grade B) IN THE DEPARTMENT OF APPLIED 
CHEMISTRY—The Secretary, Northampton Polytechnic, St. John 
Street, London, E.C.1. 

ASSISTANT LECTURER (Grade B) IN THE DEPARTMENT OF ELECTRICAL 
ENGINEERING AND Puysics—Clerk to the Governing Body, Borough 
Polytechnic, Borough Road, London, S.E.1. 

ASSISTANT LECTURER, Grade B (with an honours degree in chem- 
istry, and able to teach one branch of chemistry up to B.Sc. special 
chemistry degree standard) IN THE SCHOOL OF CHEMISTRY—The 
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Registrar, College of Technology and Commerce, The Newarke, 
Leicester. 

ASSISTANT PROFESSOR OF BIOCHEMISTRY—The Chairman, Depart- 
ment of Biochemistry, Dalhousie University, Halifax, Nova Scotia, 
Canada. 

ASSOCIATE PROFESSOR, and an ASSISTANT PROFESSOR IN THE 
DEPARTMENT OF PHysics—University of New Brunswick, Fredericton, 
N.B., Canada. 

COMPUTER (preferably woman graduate) IN THE MATHEMATICS 
DEPARTMENT—Assistant Secretary, University College, Gower Street, 
London, W.C.1. 

GEOLOGISTS (preferably single, with an honours degree in geology, 
although those with lower qualifications may be considered; of high 
physical standard and a genuine interest in polar research and travel, 
and a real enthusiasm for hard work under trying conditions) with 
the Falkland Islands Dependencies Survey, for service in the Antarctic 
—The Crown Agents, 4 Millbank, London, S.W.1, quoting M3B/ 
43195/TA. 

HEAD OF THE MECHANICAL ENGINEERING 
Principal, Royal Technical College, Salford 5. 

LECTURER (with a degree in electrical engineering or equivalent, 
and experience in radio engineering) at the R.E.M.E. Training Centre, 
Arborfield—The Ministry of Labour and National Service, Technical 
and Scientific Register (K), 26 King Street, London, S.W.1, quoting 
Ref. D.165/7A. 

Puysicist (preferably with an honours degree in physics, and a 
good knowledge of and special interest in electronics) to work on 
problems associated with the maintenance and development of 
electronics equipment used in the various branches of medical research 
and investigation—The House Governor, Westminster Hospital, St. 
John’s Gardens, London, S.W.1. 

SENIOR LECTURER IN INORGANIC AND PHYSICAL 
Northern Polytechnic, Holloway, London, N.7. 

SENIOR MATHEMATICAL MASTER—The Headmaster, King’s College, 
Taunton. 

SENIOR SCIENTIFIC OFFICERS (honours graduates or equivalent, 
and preferably with some industrial and technical experience) ; and 
SCIENTIFIC OFFICERS (graduates, preferably with an honours degree 
or equivalent), for work which will include research into problems 
connected with the coking industry, the preparation of technical 
reports, and may involve participation in operational research in the 
provinces from time to time—The Secretary, British Coke Research 
Association, 74 Grosvenor Street, London, W.1. 

SPECIALIST (Plant Pathologist) (with at least a second-class honours 
degree in botany followed by one year’s postgraduate training or 
approved experience in applied plant pathology or mycology, prefer- 
ably including the study of virus diseases) IN THE DEPARTMENT OF 
AGRICULTURE, Gold Coast Local Civil Service, for duties which are 
concerned with the cultivation of cocoa and include planning and 
execution of plant pathological investigations, directing and advising 
phytosanitary measures, and administering staff, equipment and 
laboratory—The Director of Recruitment, Colonial Office, London, 
S.W.1, quoting BCD.63/13/09. 

STATISTICIAN (with a good honours degree in mathematics or 
statistics, and preferably an interest in agricultural research)—The 
Secretary, Grassland Research Institute, Hurley, Maidenhead, Berks. 

WARDEN/LECTURER (with a degree or national diploma in agri- 
culture and good practical experience, and preferably experience in 
teaching) Iv Crop HusBANDRY—The Principal. East Riding Institute 
of Agriculture, Bishop Burton, Beverley, E. Yorks. 
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Regional Advisory Council for Higher Technological Education: 
Seventh Annual Report for the twelve months ended 31st August, 
1955, submitted to the local education authorities of London and the 
Home Counties, November, 1955. Pp. 40. (London: Regional 
Advisory Council for Higher Technological Education, 1956.) (202 

Transactions of the Royal Society of Edinburgh. Vol. 63, Part 1 
(No. 2): The Moinian and Dalradian Rocks between Glen Roy and the 
Monadhliath Mountains, Inverness-shire. By Dr. J. G. C. Anderson. 
Pp. 15-36+plate 4. (Edinburgh and London: Oliver and Boyd, Ltd., 
1956.) 7s. (202 

Statement on Defence. (Cmd. 9691.) Pp. 32. (London: H.M. 
Stationery Office, 1956.) 1s. 3d. net. 212 

Air Ministry: Meteorological Office. Professional Note No. 117: 
Barometric Changes and the Efflux of Gas in Mines. By C. S. Durst. 
Pp. 15. (M.O. 524q.) (London: H.M. Stationery Office, 1956.) 
9d. net. 212 

National Institute of Industrial Psychology. Report 11: Speed and 
Precision in Manual Skill. By D. F. Vincent. Pp.iii+19. (London: 
National Institute of Industrial Psychology, 1955.) [212 

London School of Hygiene and Tropical Medicine. Report on the 
work of the School for the year 1954-1955. Pp. 128. (London: 
London School of Hygiene and Tropical Medicine, 1956.) [222 

Society for General Microbiology. Special Report. Constituents of 
Bacteriological Culture Media: a Review of Information available 
on Methods of Manufacture. Prepared by the Standardization Sub- 
committee of the Society for General Microbiology. Edited by G. 
Sykes. Pp. iv+33. (Cambridge: At the University Press, 1956.) 
4s. net. 222 

Bulletin of the British Museum (Natural History). Zoology. Vol. 3, 
No. 6: The Cephalopoda of Madeira—Records and Distribution. 
By W. J. Rees and G. E. Maul. Notes on the European Species of 
Eledone. By W. J. Rees. Pp. 257-293+plates 9 and 10. (London: 
British Museum (Natural History), 1956.) 16s. [222 
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rtment of the Interior. Geological Survey, 
Bulletin 1015-A: luorspar =<! near Meyers Cove, Lem 
County, Idaho. By D. G. Cox. . 41+19+5 plates. 1.25 dollars, 
Bulletin 1015-D : Chromite Deposits in the Central Part of the Sti. 
water Complex, Montana. By A. L. Howland. Pp. iv + 99-121 4 
plates 8-11. 1.50 dollars. Bulletin 1015-I: Geology of the Dry Va) 
Quadrangle, Idaho. By Earle R. Cressman and Robert A. Gulbrand. 
sen. Pp. 257-270+plate 27. 1 dollar. Bulletin 1017: Lead-Zing 
Deposits of Cordillera Blanca and Northern Cordillera Huayhuash, 
Peru. By Alfred J. Bodenlos and George E. Ericksen. Pp. vii+166+4 
12 plates. 2.75 dollars. Bulletin 1021-B: Hawaiian Volcanoes 
During 1952. By Gordon A. Macdonald. Pp. v+15-108+14 plate, 
55 cents. Bulletin 1024-B: Investigations for Radioactive Deposits 
in Southeastern Alaska. By Walter S. West and Paul D. Benson. Pp, 
iv+25-57+plates 7-9. 55 cents. Bulletin 1025: Bibliography of 
North American Geology, 1951. By Ruth Reece King, Virginia M, 
Jussen, John 8. Pomeroy and Vsevolod L. Skitsky. Pp. iii+378, 
1.25 dollars. Bulletin 1033-B: Geophysical Abstracts 161, April- 
June 1955. By Mary C. Rabbitt, Dorothy B. Vitaliano, 8. T. Vessej. 
owsky and Others. Pp. iii+75-137. 25 cents. (Washington, D.C.:; 
Government Printing Office, 1955.) q 
United States Department of the Interior. Geological Survey, 
Water Supply Paper 1199: Quality of Surface Waters of the United 
States, 1951. Parts 7-8: Lower ye River Basin and Western 
Gulf of Mexico Basins. Prepared under the direction of 8S. K. Love, 
Pp. ix+490. 1.75 dollars. Water Supply Paper 1200: Quality of 
Surface Waters of the United States, 1951. Parts 9-14: Colorado 
River Basin to Pacific Slope Basins in Oregon and Lower Columbia 
River Basin. Prepared under the direction of 8. K. Love. Pp. x +285, 
2 dollars. Water Supply Paper 1276: Surface Water Supply of the 
United States, 1953. Part 3-B: Cumberland and Tennessee River 
Basins. Prepared under the direction of J. V. B. Wells. Pp. vii+278, 
ldollar. Water Supply Paper 1357 : Computations of Total Sediment 
Discharge, Niobrara River, near Cody, Nebraska. By B. R. Colby and 
C. H. Hembree. Pp. vii+-187+7 plates. 70 cents. Water Supply 
Paper 1362: Quality of Surface Waters for Irrigation, Western United 
States, 1952. Prepared under the direction of 8. K. Love. 
viii+179. 75 cents. Water Supply Paper 1267: Water Levels and 
Artesian Pressures on Observation Wells in the United States, 1953, 
Part 3: North-Central States. Prepared under the direction of A. N, 
Sayre. Pp. vi+254. 1 dollar. Water Supply Paper 1330-A: Water 
Requirements of the Pulp and Paper Industry. By Orville D. Mussey. 
Pp. viii+71+1 plate. 60 cents. Professional Paper 245: Geology 
and Ore Deposits of the Boulder County Tungsten District, Colorado, 
By. T. S. Lovering and Ogden Tweto. Pp. viii+199+27 plates. 
Professional Paper 262 : Pleistocene Geology of Eastern So 
By Richard Foster Flint. Pp. vi+173+7 —. 3 dollars. 


United States De 


sional Paper 268 : The Central Kuskokwim on, Alaska. By W. M, 
Cady and R. E. Wallace, J. M. Hoare and E. J. Webber. Pp. vi+132+ 
9 plates. 3.75 dollars. Professional Paper 274-B: Dakota Group on 
Northern Front Range Foothills, Colorado. By Karl M. Waagé. 
Pp. iii+15-51. 45 cents. (Washington, D.C.: Government Printi 
Office, 1955.) 2 
Annual Report of the Board of Regents of the Smithsonian Institu- 
tion showing the Operations, Expenditures, and Condition of the 
Institution for the year ended June 30, 1954. Pp. ix+455+77 plates, 
(Publication 4190.) (Washington, D.C.: Government Printing oo 


1955.) 

United States Department of the Interior. Geological Survey. 
Bulletin 1033-C: Geophysical Abstracts 162, July-September, 1955. 
By Mary C. Babbitt, Dorothy B. Vitaliano, S. T. Vesselowsky and 
Others. Pp.iii+139-210. (Washington, D.C.: Government Printing 
Office, 1955.) 25 cents. (22 

Det Kongelige Industri-, HAndverk- og Skipsfartsdepartement, 
Norsk Polarinstitutt. Skrifter Nr. 108: Late-Pleistocene Deposits at 
Kapp Wijk, Vestspitsbergen. By Rold W. Feyling-Hansen. Pp. 21+3 
plates. (Oslo: Broggers Boktrykkeris For 1955.) 3 kronor. [22 

United States Department of the Interior. Fish and Wildlife Service, 
Fishery Bulletin 99 : and Larvae of the Pacific Hake Merlucciow 
Productus. By Elbert H. Ahlstrom and Robert C. Counts. Pp. ii+ 
295-330. 30 cents. Circular 30: The Bald Eagle and Its Economic 
Status. By Ralph H. Imler and E. R. Kalmbach. Pp. iii+51. 
cents. Circular 31: This is a Trout Hatchery. Pp. 8. 5 cents 
Research Report 37: Age Determination of Pacific Sardines from 
Otoliths. By Kenneth H. Mosher and Howard H. Eckles. Pp. ii+4, 
20 cents. Research Report 38: Relative Abundance of Maryland 
Shad, 1944-52. By Charles H. Walburg. Pp. ii+17. 15 cents 
Research Report 39: Evaluation of Three Types of Fish Rearing 
Ponds. By Roger E. Burrows and Harry H. Chenoweth. Pp. ii+29. 
15 cents. Statistical Digest 34: Fishery Statistics of the United 
States, 1952. By A. W. Anderson and E. A. Power. Pp. ii+345. 
we dollars. (Washington, D.C.: Government Printing Office, 1954 
and 1955.) 2 

Smithsonian Miscellaneous Collections. Vol. 131, No. 5: A Check 
List of the Fossil and Prehistoric Birds of North America and the 
West Indies. By Alexander Wetmore. Pp. ii+105. (Publication 
4228.) (Washington, D.C.: Smithsonian Institution, 1956.) (222 

United States National Museum. Annual Report for the year ended 
June 30,1955. Pp. ix+102+412 plates. (Washington, D.C.: United 
States National Museum, 1955.) : 2 

Annual Report of Scientific Works. Vol. 3. Pp.ii+121. (Osaka: 
Faculty of Science, Osaka University, 1955.) (2a 

Bibliographien des Deutschen Wetterdienstes. Nr. 3: Ag 
meteorologische Bibliographie, 1951. Bearbeitet von Max Schneider 
Pp. x +96. (Bad Kissingen: Deutschen Wetterdienstes, 1955.) [22 

Bulletin of the American Museum of Natural History. Vol. 10 
Article 2: Biometrical Methods in the Study of Invertebrate Foss' 
By Prof. John Imbrie. Pp. 211-252. (New York: American Museu 
of Natural History, 1956.) 75 cents. [22 

Publications of the United States Naval Observatory. Second 
Series. Vol. 17, Part 4: The Scintillation of Starlight. By A. 
Mikesell. Pp. iv+143-191+plate 2. (Washington, D.C.: Goverl 
ment Printing Office, 1955.) (222 
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